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They rely on 


WILD 
BARFiELD 
Gas Carburising at 


The ROVER Co. Ltd. 






he Tyseley Works of 
nited, Wild-Barheld 
used 


nponent 


Precise control of depth and type of case is afforded 
by both Wild-Barfield gas carburising processes 


the “P.T.G.” and ““Carbodrip” drip feed. By these 





methods carburising proceeds at almost the 
maximum theoretical rate. We will be glad to send 


you full details on request. 
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\td0)) FOR ALL HEA T-TREATMENT PURPOSES 


\" 
\ FURNACES 
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WILD-BARFIELD ELECTRIC FURNACES LIMITED 


T Watlarda . 
el: Watford 26091 (6 1 


El RN WORKS, TT POO VAY, WATFORD BY-PA 
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‘‘Fulload”’ 


furnaces 





Photo by courtesy of 


offer Messrs. Lloyds (Burton) Limited 
a » * 


Maximum efficiency with minimum fuel consumption. The 
unique exhaust flue arrangement in the bogie hearth ensures 
speedy heating of the load, constant temperature in the 
furnace and the elimination of cold areas in the heating zone 
We supply furnaces for all purposes and all fuels, batch type 


or continuous 
For further particulars 


ask for leaflet 47 
Builders of 


MODERN FURNACES Bien 
and STOVES LIMITED sees 


BOOTH STREET, BIRMINGHAM 21. ain. SMEthwick 1591-2 grams: Mofustolim. B'ham 21 
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Tri-Mor Plastics 
and Gastables 
make installation 
Easier 


Quicker 
and Cheaper 






TRI-MOR GRADES TRI-MOR High Temper 


ature Mouldabl 








\ plastx refractory for 1 pt 1.650 ( low 
TRI- OR Standard Castable hrinkage and a higt tan palling 
4 medium textur actor having neglig Supplied mixed | w rrect . ten , 

rinkage uf 1,350 ( ¢ for castiz nstallat 
P tal «shape monouthic structur vue MOR Den é “Guncreti 
Limiting rviK tempecratur 1.34 ( } .. . aria . 
” : 

, , ( It i 
TRI-MOR High Strength Castable ; 
4 similar refractory to Tm-Mor Standard Castat “ ™ 
but pecia j i ir av r } } Y } ; 
unical strength over tl ower temperature rang Castabl 
Maximum service temperature 1,2 ( An insulating astat na r 


tempecratur of 1.2 ( wt rma nduc 
TRI-MOR rngn Temperature Castable i : 


ifs Main tfcat 


Suitable for face temperatures up to 1,600 ©; ha 
an extremely high resistanc to thermal shock TRI-MOR Insulating “Guncrete” 
d for cast in situ monolithic structures and for Similar to Tri-Mor Insulating Castable bu 
pre-cast refractory shapes; can be applied with a application | ment gui 
ement gut Full de f each grad 
For further ” rite t MORGAN REFRACT 
NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1 40¢ 
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BENCH MOUNTING FURNACE 
Muffle 10in. x 7in. x Gin 








LARGE MUFFLE FURNACE 


Mutfle 5ft. 61n. x 3ft. Oi. x it. Yin 


Here are illustrated a few of our range of 
Muffle Furnaces. We supply a large variety 
of furnaces for numerous purposes and will 
quote for a furnace to suit any specific 
requirements 








4 SULIT HEATING RODS ARE BACK! tae tg techgeser ty ailable from Brentford 


FOR FURTHER DETAILS WRITE FOR LEAFLET NO. F 30 


SIEMENS-SCHUCKERT 


(GREAT BRITAIN) LIMITED 








FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDLESEX 





See's S 42 
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ABRASIVE BELT 
MACHINES 


PRODUCT OF THE Mitlugigk GROUP OF COMPANIES 
HEAD OFFICE 


B. OC. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 
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BENCH MOUNTING FURNACE 
Muftlc 


10in. X 7m. x ¢ 








LARGE MUFFLE FURNACE 
Mutfle 5ft. 6in 





Here are 


re illustrated a few of 


Muftle Furnaces. We 


our range ol 
supply a large variety 
of furnaces for numerous purposes and will 
quote for a furnace to 
requirements 


@ S/L/7 HEATING RODS ARE BACK! ‘\":'<"s5;o5°%5.2" 


lable trom Brenttord 
stock or at short notice 
DETAILS WRITE FOR LEAFLET NO. F 30 


SIEMENS-SCHUCKERT 


(GREAT BRITAIN) 


Suit any specific 





FOR FURTHER 





LIMITED 


FARADAY WORKS - GREAT WEST ROAD 


BRENTFORD - MIDDLESEX 
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ABRASIVE BELT 
MACHINES 


te y / 
PRODUCT OF THE Miligigx GROUP OF COMPANIES 
MEAD OFFICE 


8.0. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 
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(Photograph by kind permission of the Austin Motor Co Ltd 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gasor oil. The photograph fabove illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small biilets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiary Company of Gibbons"Bros. Limited, Dudley) 
SALMON STREET, PRESTON : TELEPHONE : PRESTON 56254'5 TELEGRAMS : THERMIC-PRESTON 
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made with 


REFRACTORY CONCRETE CIMENT 


FOR ALUMINOUS CEMENT 


HEAT-RESISTANT FLOORS ioe 


OF ALL TYPES WHERE RADIANT HEAT OR SPILLAGE OF 
MOLTEN METAL OR@«SLAG IS LIKELY TO BE ENCOUNTERED 


IN 24 HOURS 


Write for information to the manufacturers of CIMENT FONDU 


LAFARGE ALUMINOUS CEMENT CO. LTD. 1: sroox street, LonOON, W.1 Telephone MAYfair O548 


ap ws 
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cooling 


for cycle 




















makes this 
cycle annealer one of the most versatile 
heat treat units in the country. It anneals, 
cycle anneals, and normalizes gear forgings 4 fecsagzeazzezaazs 
of different size, shape, and alloy at the net eo joe 
rate of 1,250 Ibs. per hour, or better. = 
Such exceptional versatility is achieved | 
by a superfast cooling zone. Really a full §& 
convection furnace within a direct-fired -™ = 
furnace, this zone is isolated by refractory . 
doors. It can be used or by-passed, ! 
depending on which of many cycles the 
customer wants. As a result, the customer 
can heat treat as many as 13 different alloys 
in this one furnace. ! 
Adding to the flexibility of the furnace is 
a modular tray design. Each module is an 
18 » 20-inch chrome alloy casting. Modules 
can be combined to hold any size of work 
up to 800 pounds. They are also used to carry work outside the furnace. 
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ASSOCIATED WITH SURFACE COMBUSTION CORP, TOLEDO, USA 
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IMAGE wnechanical and 





hydraulic PRESS BRAKES 





Hydraule press brake 
press brake 
with horn extension 


10 i” capacity 


The Eldair series of mechanical press brakes handles light and medium 
plate sizes up to 12 4” M.S. with a forming pressure up to 110 tons 
They are extremely powerful and smooth in operation and fitted with a 
multi-plate clutch and automatic brake for inching 


Eldair hydraulically operated press brakes are entirely self-contained 
and designed to provide smooth single or continuous stroking action 
They are available in pressures up to 700 tons and a bending capacity up 
to 14 i" M.S. The stroke is adjustable to suit the application with full 
pressure available at any position 


Many extra features including horn extensions, increased throat or 
die space and wide bed are available to the complete range 





Se 7 
WicK™MAN @SGLIMIT ED 


FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 


Telephone: Coventry 74 


soe F 23 
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HIGH VACUUM FURNACE 





The FH 24 High Vacuum Furnace is designed for 
small capacity melting or sintering, using induction 
or resistance heating. It can be supplied with 
tilting crucible and fitted with heated or cooled 
moulds as required. The standard range of VIA- 
VAC furnaces provides for capacities from 5 Ibs. 
to 3,000 Ibs. melting and casting in vacuum 

Metal degassing plant up to a capacity of I5 tons 
can also be supplied 


FH 24S 


A sintering version for metals or for special appli- 
cations where bottom pouring is required 


WIA=VFAC 


VACUUM INDUSTRIAL APPLICATIONS LTD 


DEPT. M.T., WISHAW, LANARKSHIRE, SCOTLAND 
Telegrams: * VIA-VAC,” WISHAW 








Telephone: WISHAW 142 




















TRANSITROL 


PROGRAMME TEMPERATURE-CONTROLLER 
TYPE 994 










| Now! 

| YOU CHOOSE IT 
FITTED WITH THE 
CONTROL ACTION 
YOU PREFER! 

; Specify one of the 

; following :— 


* Two-position (on/off) 


wrk ones 


Three-position 
Anticipatory 
Proportional (stepless) 


* * * 


Proportional (plus reset) 


British-mode 


throughout —— 
PATENT | 
| NO THERMIONIC VALVES 
This unique instrument indicates and controls : 

. ; NO WARM-UP TIME 
temperature strictly in accordance with a : 
pre-determined time-programme and is used NO CAM SCRIBING 
primarily for controlling heating and cooling TIME CYCLE thr. te 720hr 
cycles of furnace loads. J 
Thousands of Transitrol Controllers are giving Se 
reliable, consistent service in many industries at home AUTOMATIC LIMIT-SWITCH 
and overseas. ETHER Transitrol Controllers FOR WEATER OR MOTOR 
were the first in the field; they are still the finest. FIXED-CONTROL AVAILABLE 

Pe ; 





ENQUIRIES, SALES & SERVICE : 


Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 


i Caxton Way, Stevenage, Herts. 
Stevenage 780-4 


Representatives throughout the U.K. 
Agents in all principal countries 
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make the 


PYROMAXIN 


the Heart of your 
temperature contro/... 





8 inch 





scale ; 

: ; The Pyromaxim has been designed 
simplifies | for economy, accuracy and long-term 
readings reliability 











@ Plug-in amplifier unit 

@ Accuracy to BS /04! 
(1, fad.) 

@ Contro! response bet- 
ter than | 

@ Colibrated for any 

standard thermo- 

couple 








The Sifam Pyromaxim Ele< 1 wide range of Sifam A 
tronic on off Controller com- wailable for use eP 
bines sound design and skilled maxim include 
workmanship with proved 

principles of construction @ Thermocouples 
Attractively housed in a ro- 

bust steel case, which can be @ Compensating Cables 
either flush —or wall-moun 

ted, the Pyromaxim offers a @ Motorised Gas or Oi! Vaives 
completely reliable means of 

close temperature control un @ Solenoid Ges Vaives 

der the most arduous working 

conditions. Price: £32 100 @ Contactors 


- le PCR and TC5 or ask the Sifam 


PYROMAXIM 


years’ exberience in 





facture of electrica 
nstruments for eae are behind th 


cw SIFAM product 


SIFAM ELECTRICAL INSTRUMENT CO. LTD 
Leigh Court, Higher Lincombe Road, Torquay, Devon 
Telephone: Torquay 4547 





january, 1959 





ELECTRO HEAT 22 
TREATMENTS ro. 212% 


BULL LANE, WEST BROMWICH 
e 
Specialists in all types of: 


HEAT TREATMENT 


BRIGHT HARDENING. Smal! compo- 
nents; Bolts, Rivets, Washers, Screws and 
Springs, also large sections up to 3 ft 
BRIGHT ANNEALING. Steel, Stainless 
Steel, Nickel Silver, etc 
CARBO NITRIDING. For Skin Hardening 
up to .03 in 
GAS CARBURIZING. Gear Wheels, etc., 
deep case depths 
LIGHT ALLOYS. Solution and Precipitation 
up to 10-ft. Sections. 
HIGH FREQUENCY. Local Hardening, 
Annealing, Brazing 
COPPER AND ITS ALLOYS. Chromium 
and Beryllium Copper, Aluminium Bronze, 
Solution Treatment, Ageing and Annealing 
GENERAL PURPOSE APPLICATIONS. 
Treatment of tools, forgings, castings, spinnings, 
etc., in all alloys 

o 


Telephore ond Telegrams: West Bromwich 0584 and 0756 











EL ELECTRIC [ro 





MODEL LB63A 
MOTORISED HEADSTOCK 
CRACK DETECTOR 


41 Sidney Street, Sheffield, 1 
Telephone Sheffield 27357/8 
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BURDON 


The name to remember when 






you think of Furnaces. Half 
a century’s experience and 
“know-how” guarantees 
every installation. We make 
furnaces of every description 


including :- 
STRESS RELIEVING - HEAT TREATMENT - FORGING - HOT METAL RECEIVERS 


BURDON FURNACES LTD. 


37 LOCHBURN ROAD GLASGOW, N.W. 





Forge Ahead 


in quality of product 
by using Peart 
induction heating 









Peart Induction heaters cut 
costs all along the production line 
They provide the exact amount of heat 


precisely where it is required . eliminate 
scale formation, increase die life, are easily 
adaptable reduce power and labour costs to the 


minimum. Peart engineers welcome unusual heat treat- 
ment problems. Why not set them to work on yours”? 





INDUCTION HEATING 


E. PEART & CO. (ELECTRONICS) LTD., ONWARD WORKS, HYDE, CHESHIRE Telephone: 3545 (4 lines) 
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at 
MORRIS 
Engines 
Limited 


Hardening of valve rocker shafts at 
Morris Engines Ltd., is carried out 
on Wild-Barfield Progressive 
Hardening Machines. (Note the 
hardness pattern on the rocker arm 
that is being removed.) This is a 
typical application of this proved unit 
of the well-known Wild-Barfield 


range of induction heating equipment. 


Some technical facts. 


This fixture caters for lengths from 1 


to 30°, or longer in special cases, dia 





meters from ‘” upwards depending on 
the size of Wild-Barfield A.H.I 
Generator used. A simp! im change 
enables any desired hard pattern to 
be obtained giving hard and soft zones 
is required. The construction follows 
machine too! practice and incorporates 
traverse spced control which, together 


r control on the generator, 


makesthe equipmentextremely versatile. 


WILD-BARFIELD ELECTRIC FURNACES LTD 
(High Frequency Division) 


INDUCTION HEATING 
SPEEDS PRODUCTION 
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Z outstanding fatures \ 
yer 
thé Lamberton high speed 
\ forging press 


\ 
\ 



















Zon wnNoT>Ssr 


Caliper type brake 

Our own design giving excellent 
performance under severest conditions 
Top and bottom ejectors 

air operated, adjustable to suit all requirements 
Operation of air ejectors 

can be limited to every second or third 
stroke as required 


Calibrated table adjustment 


ensures accurate die setting 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 

and requires minimum maintenance 
for safe, reliable operation 


Write for details to 


26 FITZROY SQUARE, LONDON, W.1!. TELEPHONE: EUSTON 465! 





Smee's 
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Dust & Grit 
Collectors 


A new addition to the range of 






A. & O. dust and grit collectors 








ENGINEERING 


marine, welding 


& nuclear energy 
EXHIBITION 


The largest event of its 
kind in the world 


A Popular Change of Dare 


If you are an Engineer—of whatever kind—this is YOUR 

Exhibition In Olympia on a floor space of over a quarter 

of a million square feet, over 500 of the world’s leading 

manufacturers will show their most up-to-date equipment This photograph shows an Alldays & Onions UF/I 
for vour benefit This Exhibition has been internationalls Dust Collector, primarily for use with hearths and 
famous for over 50 year It occurs only once every two designed to meet the requirements of the Clean Air Act 
ears. Previously it has been held in September. but in 


1959 for the first time it has been possible to meet the — — 
popular demand for the Exhibition to be staged in the 


Spring of the year 


OLYMPIA - LONDON 
APRIL lé6th—30th, 1959 


Opening hours: April 27th, 28th, 29th—10 a.m. to 8 p.n & 0 y | 0 N 
L 


ALL OTHER DAYS—10 a.m. to 6 p.m. CLOSED SUNDAYS 


] 
| 


ALLDAYS | 


$ 


J 








Organised by — 
b W. BRIDGES & SONS LTD GREAT WESTERN WORKS BIRMINGHAM 11 
: : ‘ Phone: ViCtorio 2251-4 
Grand Buildings, Trafalgar Sq.. London, W < ’ 
Tel: Whitehall 0568 (5 lines Lo-don Offxe: 2 Queen Anne's Gate. Westminster, London. $.W.1 





Phone WHiteh 9234 
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CEMENT , PLASTICS AND CASTABLES 


“Nettle” Refractory Cement Heat-setting 

“Stein” High Alumina Cement Heat-setting 

“Maksiccar I!" Refractory Cement Air-setting 

“ Maksiccar” Fire Cement Air-setting 
PLASTIC REFRACTORIES 

“Maksiccar Patch” Air-setting 

“Stein 73 Patch” Air-setting 
CASTABLE REFRACTORIES 

“Stein Refractory Concrete” Hydraulic-setting 

“Stein Super Refractory Concrete" Hydrauiic-setting 

“Stein Chrome Concrete” Hydraulic-setting 





Send for pamphet No. 4 


From our extensive range of Refractory Cements, 
Plastics and Castables, covering a wide range of 
properties, we can supply the correct material for 
most industrial applications. 


Use our advisory service based on 70 years experience 


in the refractory field —it can improve your furnace 
efficiency. For further information tvorite, phone or call 
s’s ' 
. | ’ ‘ t : s 3 é t : ; 
; | ; , rs ' ' 
iF ; : \ ' } ity. THe i pil \ ' 
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lilustrated is a highly success- 
ful batch-type Forge or 
General - purpose Smithy 
Furnace. Fitted with Self- 
proportioning Burner Equip- 
ment having single lever 
control of both air and fuel 
supplies, for either Gas or 
Oil Firing 

- 
Built to dimensions best 
suited to meet purchaser's 
individual requirements with 
single door as illustrated, with 
multi - doors, or double- 
ended. 

eo 
Highest grade lining and 
hearth construction with 
correctly applied burner 
equipment ensures lowest 
possible operating and main- 
tenance costs 


Telephone: MANCHESTER EAST 0/37 





MANCHESTER 
FURNACES LTD. 


GLOBE WORKS - MANCHESTER - I! 
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Introducing 2 new 
versatile and compact units 
for surface hardening and 


brazing heavy sections 








18kW and 7 KW 
High Frequency 


Induction 
Heaters 


Each heater has a power output control to 
acypust in pedance matchine of the loads 
giving optimum conditions for a wide range 
of applications 

The work coils are casy to make and casy 
tomterchanyge, 

lank circuit has a high kVA rating allow- 
ing the full available power to be applied to 
very difheult loads, 

Work table supports are fitted on the lower 
front panel and retracting trunnions are 


provided at the base to facilitate movement. 


THE 18 kW HIGH FREQUENCY INDUCTION HEATER 


Finished in. stove-enamelled Oxford blue 
with front panel stove-enamelled polychro- 
matic silver. Output control guide plate and 


work table supports chromium plated, 


Write for further information. 





For efficient process heating use 


&GE.C. FURNACES - HIGH FREQUENCY - INFRA-RED 


THE GENERAL ELECTRIC CO. LTD... MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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\\ 


ftom Capltitenee , 


From experience Gibbons “‘H.T 1"’ insulating refractory is the automatic choice 


of leading furnace manufacturers and users — its combination of low thermal 

conductivity with resistance to high temperatures has proved remarkably 

effective in minimising heat losses and raising furnace outputs. The Gibbons 

“H.T 1"'is developed from more than 20 years’ R f d J 
experience in the manufacture of insulating ) } ) | \ W Holt ra 
refractories and today an entirely new and hl D D I) 4 ¥y | 
original manufacturing technique enables us . s 


to offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 3/41 M-w.126 

















Witkins & Mitchell Stripping and Setting Presses 
make multiple operations in line-flow p/oduc- 
tion a practical proposition. This increases the 
productive capacity of both drop hammer and 
forging press and ensures : 


@ increased output 
@ closer tolerance forgings 
@ reduced component cost 





WILKINS & MITCHELL LTD 


DARLASTON ° SOUTH STAFFS : ENGLAND 


Export Section: 70, Park Lane, London, W.1I. 
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STANDARD 


FORGER 




















Covmac Forging Machines are made in 
eight sizes to take bars from | to 6 
ins. in diameter. Safety devices on 


all models prevent overloading. 


Covmac also make Automatic 
Forging Machines, as well as 
machines for making balls up to 
and including 4 ins. diameter. 
In addition there are 
three sizes of Hot 
Milling and Sawing 


Machines 






3-in. machine illustrated with 





main guards removed 


COVENTRY MACHINE 


TOOL WORKS LTD. 


GRANTHAM RD., HALIFAX 
ENGLAND 


Phone: Halifax 3234-5 
Grams: Covmac, Halifax 


. . silber odge & Co. Ltd., 386 Harris Street, Ulumo. Sydney, N.'S.W. CANADA: Willams & Wilson 
ovenss* wa my inl yore — ANCE —_ Anonyme Alfred Herbert, | & 3 Rue du Delta, Paris (9°). HOLLAND: Esmeijer & Co 
r= soa. ower jam, ¢ INDIA: Alfred Herbert (India) Lid., 13 3 Strand Road, P.O.B. 681, Calcutta, | NEW ZEALAND: Gilbert 
a | : H i Office: 24 Gt. South Road, Newmarket. Auckland, N Z. (P.O.B. 9194, Newmarket); also at Christchurc! 
Lodge & Co. Lte PAKIST AN Guest Keen & Nettiefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road 
~ ee COUTH At RICA AND RHODESIA: Hubert Davies & Co. Lid Hudaco House, 7 Rissik Street, Johannesburg. SPAIN: Gumuzio 
es. S.A. Gran Via 48, Apartado 920, Bilbao 
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** Newallastic”’ bolts and studs have qualities which 
are absolutely unique. They have been tested 
by every known device, and have been proved 
to be stronger and more resistant to fatigue 
than bolts or studs made by the usual method 


a ad 


POSSILPARR GLASGOW - 
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—combined 
ratings exceed 
30,000 kW 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation. testing and 
protection, with research work and development in all these fields 


Getting it straight 


Technical and human aspects of research and develop- 
ment PROF. ANTONIO SCORTECCI 

The relationship of an organization devoted to research with an industry 
primarily devoted to production discussed in the opening address at 
the autumn meeting of the Société Francaise de Métallurgie 

Bright annealing 

A. E. PICKLES 

A variety of techniques for bright annealing, including the use of pro- 
tective atmospheres or the application of vacuum conditions, are dis- 
cussed and the range of furnaces and other plant available for different 
bright-annealing requirements considered 

Problems of brittle fracture 

H. HARRIS, B.SC., PH.D. 

A discussion of the present state of knowledge regarding the occurrence 
of brittle fracture with particular reference to the construction of 
pressure vessels 

Phase diagrams covering pressure, temperature and 
composition PROF. A. G. GUY AND SHOTARO MOROZUMI 

From thermodynamic-activity data a_ three-dimensional pressure- 
temperature-composition (P-T-X) diagram has been constructed for 
the cadmium-zinc system 

4,000-ton forging press 

New installation at Birmingham Works of the Northern Aluminium 
Co. 

Hardness testing 

NADFS Spring lectures 1958, No. 5. A summary of the concluding 
lecture of this series which is designed primarily for the younger 
members of the drop-forging industry 

Pyrophoricism in metals 

HENRY ALLEN 

Regulations have been laid down to obviate the risk of fire hazards in 
most spheres of metal working, but one form of fire hazard requires 
further study. This hazard, pyrophoricism, or spontancous ignition, 
is particularly acute with the newer metals and their alloys 


Continuous casting 
Twin-strand plant for steel at the Barrow Steel Works Ltd. 


Progress in welding research 

Steel castings research 

News 39 People 
Books 42 New plant 
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GAS FIRED f 
SHAKER HEARTH 
FURNACE 


Improve production of small parts in quality 
as well as quantity with this modern and 
compactly designed continuous furnace 

Its simple and straightforward operation 
using automatic hopper feed, if required, 

is the obvious answer to large-scale 
production heat treatment as well as 

process heating 






General view of 
Brayshaw Shake 


Hearth Furnace 


Four standard sizes with nominal 
outputs of 56, 112, 224 and 448 Ibs 
per hour (dependent on size and 
nature of parts) cover most 
requirements 

Leaflet G3/58 giving full details is now 
available on request. Have you 
received your copy yet ? 





Close-up view of work tray with 


typical load of bolts 
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BELLE VUE WORKS - MANCHESTER !2 


Telegrams : Hardening, Manchester 
Telephone : EASt 1046 (3 lines) 
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| Getting it straight 


relationship between scientific research and industrial development. In his 

opening address given to the Autumn Meeting of Société Francaise de Meétal- 
lurgie held in Paris in October, Professor Antonio Scortecci, who may be said to have 
‘fathered’ the Institutio Siderurgico Finsider in Italy (roughly speaking an Italian 
counterpart of BISRA), spoke at some length on the technical and human problems which 
have confronted him from time to time. While Italy is not one of the major steelmaking 
countries of Europe, it is to be noted that after she regained her annual pre-war output 
of about 2} million tons in 1950 her production has risen at a remarkably high rate, 
reaching nearly 6 million tons in 1956. This represents an average rate of increase of 
14° per annum, rather more than double that achieved in Britain over the same period, 
and we are glad of this opportunity to reproduce some of the Professor’s main points. 
One of the most significant of the Professor’s remarks is, we think, his admission that, 
contrary to what he had previously believed, he found that the human element was the 
predominant factor in determining the level and efficiency of production. This is clearly 
of vital importance, and it underlines in particular the part which ‘ management’ in 
all its aspects plays in industry. Bad management, failure in ‘ human engineering,’ can 
undo completely whatever good is done by the employment of scientific and technically- 
trained personnel. 


VU E publish an article this month which raises once again the question of the 


A second point made by Professor Scortecci, which is very closely tied up with the 
human and management questions, is the fact that intelligent foremen can and do play 
such a very important role in furthering industrial development. He quotes the 
instance of ramming dolomite dry without tar as a binder (the ‘ Crespi’ lining) and 
ramming raw silica to form the gas ports of open-hearth furnaces. These are excellent 
examples of ‘ development’ steps which did not wait upon ‘ research ’ before they were 
taken. The sloping back-wall of the open-hearth furnace, now almost universal, is a 
development of the same kind; Naismith, who invented it, was a foreman-bricklayer 
from America. These examples are well known; it is our belief that there are hundreds 
of others which may in themselves be very modest and never see the light of publication 
or patenting, but which taken together may amount to major advances in technique. 
It is the mark of good management that this potentially valuable source of new ideas 
and new manufacturing methods is kept flowing, but unfortunately there is reason to 
believe that all too often in Britain in the past few years it has been dammed by the 
hopeless confusion of thought surrounding the whole subject of research and develop- 
ment, by the failure to distinguish between the different kinds of development, and by 
the almost obsessional devotion paid to so-called ‘ fundamental research.’ 


There are broadly two kinds of development, propuct development and PRocEss develop- 
ment, the former concerned with the emergence of some new saleable product such as 
a synthetic fibre or a high-tensile steel, the latter concerned with new and better methods 
of preducing scmething which in general terms is already in existence. For example, 
perfecting a method of forging a crankshaft with fewer blows, greater accuracy and 
smoother finish is essentially process development. From a practical point of view, 
the important difference between the two is that whereas product development can 
nearly always be carried out to successful conclusion in the laboratory, it is only in 
cases where the productive operation is either normally on a small scale or is capable 
of being ruthlessly scaled down that the research laboratory can be of any use to the process 
developer. 
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A good example of the confusion of thought which can arise from failure to get these 
facts straight and from the deeply-rooted idea that development can only arise from 
scientific ‘ research,’ is provided in the latest issue of Steel Review, the quarterly publi- 
cation of the British Iron and Steel Federation, in which Mr. J. Stubbs Walker con- 
tributes an article entitled *‘ Research—life blood of the steel industry.” Mr. Walker 
first deals with such items of product development as new high-tensile steels, ‘ Forti- 
weld ’ and boron-bearing steels which have come from the research laboratories of United 
Steel Companies, Hadfields and others, and then goes on to consider improvements in 
productive technique, such as the ironmaking from 100°, sinter burdens at Appleby 
Frodingham. In this connection he writes: ‘ When looking at steel research the diffi- 
culty frequently arises of deciding where the dividing line lies between research and 
production.’ Precisely, for the plain fact is that in many of the most successful examples 
of process development which have appeared in the last few years there has been no 
division between ‘ research’ and ‘ production’ for the new method has been successfully 
developed as a commercially-working process from the start. 


The kind of tergiversation into which Mr. Walker is forced by his rigid conception of 
the roles of research and development is illustrated by his remarks on new steelmaking 
processes. ‘ The use of oxygen and oxygen steam processes in steelmaking has reached 
a stage of practical operation, but as a comparatively new process it is still a subject of 
intensive research and development.’ Presumably what we are intended to gather 
from this is that British technicians are hard at work perfecting or improving mixed- 
blast and LD converters prior to their introduction into the British steel industry. The 
truth (upon which Mr. Walker does not enlarge) is that oxygen steelmaking processes 
in one form or another have been in full commercial operation on the Continent for 
nearly ten years, largely because the continental steelmakers didn’t waste time and 
money ‘ doing’ research on them first; instead (like those admirable foremen Crespi 
and Naismith), they went ahead with large-scale development work almost at once. 
New steelmaking processes can’t be developed in the research laboratory, the risk has 
to be taken on the shop floor, and now these new processes can only be used in this 
country after the payment of patent royalties. 


The same story comes out from Mr. Walker’s remarks on steelworks’ cranes: ‘ Con- 
tinental manufacturers have introduced cranes of much lighter construction and conse- 
quently cheaper.’ Why, because their research laboratories and engineers were superior ? 
No, because they went ahead with developing full-scale prototypes much earlier. 


However, the picture is not all so black. The automatic forge in Bisra laboratories is 
a successful piece of process development; but, be it noted, this is a case where the 
operation can be carried out on a relatively small scale. Not everybody wants to forge 
a high-pressure boiler drum for a power station, gas-turbine blades are equally im- 
portant! 


We feel very strongly that a proper appreciation of the relationship between research 
and development is sadly lacking in Britain, today both as regards the two different 
kinds of development and as regards the role of ‘fundamental’ research, which we 
have discussed previously on a number of occasions. In the latter connection another 
article in this issue may help to resolve or confound the argument. This is an account 
from Purdue University, Indiana, U.S.A., of how the pressure-temperature -composition 
phase diagram for the cadmium-zinc system has been elucidated by metheds of applied 
thermodynamics. Now cadmium and zinc are separated and refined by fractional 
distillation (‘ re-fluxing ’), and we shall be very interested to know whether the results 
found by Professor Guy and Mr. Morozumi are likely to lead to a re-design of any 
industrial equipment. 
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Technical and 
human aspects of 
research and 


development 


Relation between 
‘theory’ and ‘ practice’ 





PROF. ANTONIO SCORTECCI 


A subject of great interest and urgent importance 1s 
the relationship of an organization devoted to research 
with an industry primarily devoted to production. 
Prof. Antonio Scortecci, director of the Instituto 
Siderurgico Finsider, discussed this subject in his 
opening address to the autumn meeting of the Société 
Frangaise de Métallurgie, held last October in Paris, 
The following remarks are some of the points made by 
Prof. Scortecci in his speech, the full French text of 
which will eventually appear in the ‘ Revue de 
Meétallurgie’ 





Top Prof. A. Scortecci delivering his address at the opening ceremony at which he was 
presented with the Grande Meéiaille le Chatelier of the Société Frangaise de Métallurgie 
BOTTOM Mr. Charles Crussard, director of laboratories, 1RSID, being presented with the 
Meédaille Réaumur at the autumn meeting of the Société Frangaise de Métallurgie 
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IN ORDER TO GIVE a true picture of research develop- 
ments in the large Finsider iron and steel group, 
which produces nearly two-thirds of Italian iron, 
it is essential to explain fully the origins of the 
Italian iron and steel industry, and the influence it 
has had on the general development of industry in 
that country. 

It was only in 1905 that Italy joined the ranks 
of the iron and steel producing countries when its 
first coke-fired blast furnace was installed. At 
that time, its annual production of steel was of the 
order of 300,000 tons, whereas by then France 
was already producing 2,300,000 tons of steel a 
year, Germany 9,000,000, Great Britain 6,000,000, 
and the United States 20,000,000 tons. The gap 
between them was enormous, and this situation 
was a determining factor in Italy in the relations 
between science and industry. 

Once national unity had been attained, the 
initiative in creating an Italian iron and steel in- 
dustry was taken by financial undertakings, who, 
without any qualified technical or scientific sup- 
port, purchased from abroad the necessary tech- 
nological experience along with the plants. 


Investigations into the metallurgy of metals of 


low melting points, where it was possible to carry 
out experiments with modest means, continued to 
be made in the general chemical institutes, while 
iron and steel remained in a purely empirical stage 
of development, strictly limited to the works pro- 
ducing them. In these works, the task of the 
laboratories was for a long time confined to chemical 
analysis of materials and to mechanical acceptance 
tests, 


Creation of the Breda Institute 

However, a very important step forward was 
made for the whole Italian iron and steel industry 
when the Breda Institute was founded in 1918. 
The credit for this should be given to the collabora- 
tion between that far-sighted businessman and 
engineer, Ernesto Breda, and the highly intelligent 
proposer of this scheme, Professor Parravano. The 
value of this institute is not so much in the research 
results obtained, which producers were not yet 
ready to understand, much less to ask for, but 


mainly because it was a centre for the training of 


metallurgists, in which most of the men, who 
subsequently gave direct or indirect support to 
the establishment of liaison between science and 
the iron and steel industry, were trained. 

It was during a period at the Breda Institute 
that the author begaa to perceive certain human 
aspects of his profession. The very first time the 
author went on to the O-H furnace he realized 
immediately the need to get on good terms with, 
and gain the confidence of, the foremen in order 
to learn the job: there was no other source of 
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information. There is absolutely no doubt that, 
even some years after the end of the First World 
War, the control of the directors of an iron and 
steel works was in most cases confined to the 
administrative side, while the production side was 
really left in the hands of the foremen. 


Importance of foremen 

These foremen came almost exclusively from 
among the best foundrymen, who had themselves 
come from among the best workmen. The process 
of selection was very severe, since no works’ 
management, however incompetent it might be on 
the metallurgical side, would have left a head 
foundryman in his job, still less the head steel- 
maker, unless he had shown that he could produce 
good work definitely and continuously. Their 
intrinsic capability was extremely high, but, owing 
to their lack of basic training, they could not deal 
with the effects of new developments in methods 
of working. In spite of this, these men sometimes 
made remarkable contributions to the industry. 
We «an only think with regret what an effect these 
contributions might have had if a more intelligent 
community, mindful of its own interests, had 
helped these men of such natural talent to develop 
to professional status and to make their creative 
contribution in fields of far wider importance. 

The making of melting-furnace linings of dolo- 
mite without a binder, known and used today 
throughout the world, was conceived and pro- 
duced by a foreman. He showed that dolomite 
will sinter without the addition of fluxes and he 
showed the advantages to be derived from this in 
the upkeep of furnace hearths. The application 
of this process was done direct in the furnace, 
running all the risks of these trials without making 
any preliminary tests in the laboratory. 

An exactly similar example is that of making 
linings in the upper parts of O-H furnaces, particu- 
larly gas ports, with rammed raw silica. This was 
carried out, almost without the works’ engineers 
knowing anything about it, on the furnace actually 
at work by overcoming very great difficulties and 
with the constant worry of causing serious trouble 
in production. 

Obviously such men could not stand passively by 
when science came into their works. They made 
quite plain to the directors the lack of practical 
experience of the science experts and the damage 
which would be done to production if the sug- 
gestions of the scientists were adopted. Although 
traces can still be found in all countries of the 
division between science and practical experience 
in the iron and steel industry, there is no doubt at 
all that .n Italy a great gulf of mutual misunder- 
standing, has remained up to the present day. 

On leaving the Breda Institute, the author went 
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to the old Ansaldo Steelworks as head of the 
laboratory where Giolitti had once worked, but 
which had since declined in status, owing to lack 
of qualified scientists, until the only work being 
done was by simple chemical analysis of raw 
materials and steel products. 

Shortly afterwards, the author was appointed 
steel production manager. Here, initial enthusi- 
astic efforts to apply scientific and technical know- 
ledge immediately came up against the lack of 
professionally-trained colleagues, both on the pro- 
duction side and in the use of scientific methods 
in applied research work. For that reason the 
author’s efforts were directed in two parallel 
directions: the professional training in iron and 
steel techniques of young graduates, and the 
development of applied research. 


The human element 

The first steps made in carrying out this pro- 
gramme showed most emphatically that the human 
element, which the author had hitherto considered 
to be secondary to technical considerations in 
production, was, on the contrary, predominant: 
results could not be obtained, even with the best 
will in the world and the maximum technical 
qualifications, without taking the human element 
into consideration, and, indeed, often putting it 
into first place. 

Further experience as managing director of a 
works provided the opportunity of showing that it 
is possible—indeed, fairly simple—to get those 
results which everybody understands, namely, 
financial results, by improving basic professional 
knowledge, but even more so by sensible staff 
control; that is, by giving its due reward to merit 
while having regard to human demands, remem- 
bering that a man is a subject not an object, and 
by showing to everyone that management, applied 
without weakness but with justice, serves the true 
interests of all. But the troubles with which a 
works’ managing director is faced are very different 
from those which confront a director on the central 
board of a large combine. 

In the course of 15 years’ hard work, more than 
600 young people, mostly engineers, chemists, 
economists and other university graduates, have 
been brought into the works and offices of the 
group. 

In 1946, the chairman of the Finsider group, 
Ing. Oscar Sinigaglia, and his eminent colleague, 
Ing. Guido Vignuzzi, in spite of the difficulties of 
that period, namely, works to be rebuilt, very low 
production and still lower numbers of staff, made 
it quite clear that future requirements would 
necessitate the formation of some body to deal 
with applied research and the traning of staff for 
the central officers of the Finsider iron and steel 
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group, and they decided to put the author in 
charge of this work. The conditions were truly 
difficult, but. at that time there was no other 
possible solution. 

After one year it was decided to begin research 
work straight away, but the problem which imme- 
diately presented itself was in what subjects was 
research to be done, and who was going to choose 
them. It was quite obvious that the works’ tech- 
nicians were, in principle, in the best position to 
decide which were the subjects of greatest practical 
interest by comparing production problems in the 
works with information obtained from outside 
sources. Unfortunately, the staff position at the 
end of the last war was a very disturbing one. 
Highly qualified technicians in the industry had 
been pitchforked into the works without any pro- 
fessional basic training and they had also had, in 
general, little opportunity of going outside the 
limited confines of their works to get to know the 
experience of others; their knowledge of technical 
literature, especially in foreign languages, was 
generally fairly restricted. 


Dangers of ‘ detached ’ research 

Furthermore, a research institute, detached from 
a works as this one was, and where the subjects 
to be studied were to be chosen independently, 
would run the risk of spending a large part of its 
own activities on problems, which, even if solved, 
might then be considered by the engineers in the 
works as devoid of all practical interest, an opinion 
probably influenced also by a psychological factor. 
It is natural that men, who have given their services 
over many years in the works, should look with 
some concern on young technicians who, endowed 
with a more scientific and professional training, 
work quietly away in the same works without any 
routine duties but are able to get better results. 

It appeared, therefore, that, in the development 
of applied research, the first thing to be done for 
long-term planning was not only to draw up a 
reasoned programme of the subjects to be tackled, 
but also to put into action the most suitable 
methods for improving the efficiency of the staffs 
in the widest sense. This was, indeed, the reason 
which led to the establishment, alongside the re- 
search service, of a branch for the selection and 
professional training of graduates. The introduc- 
tion into the works of well-selected and well- 
trained engineers is the most important contribu- 
tion towards the solution of technical and human 
difficulties which prevent the development of 
research in the works. 

In the last analysis the object was to effect a 
synthesis between the experience of the men in 
the works and the scientific and technical knowledge, 
acquired or in course of acquisition by a group 











metal treatment 
and Drop Forging 


of first-rate graduates, embarked on a career of 
professional research with the special purpose of 
establishing and then maintaining the closest col- 
laboration between research workers and tech- 
nicians in the works. 

After a thorough study of the problem at highest 
level, followed by a most careful organizing 
Preparation, it was possible to arrange the first 
meeting of all the technical people in one definite 
section, beginning with the blast-furnace operators. 

These specialists were invited to put forward 
their opinions; their difficulties; their ideas which 
it had not been possible to develop through lack 
of time, or means, or of high-level decision; and, 
finally, their proposals. They were told that it 
was essential to join all forces together in an 
attempt to make progress in the common interest. 
Assurance was given that each proposal would bear 
the name of its preposer and that each of them 
would be able to follow the development of his 
ideas in the fullest manner. For this one special 
section, the making of pig-iron in the blast furnace, 
more than 50 proposals of subjects for research 
were put forward during the meeting. 


Collaboration between research workers and 
works technicians 

With a view to establishing immediate collabora 
tion between research workers and works tech- 
nicians, which was the prime object of our plans, 
the subjects were at once grouped according to 
affinity, and a working committee was set up for 
each group, consisting of a chairman (always a 
works engineer, preferably a manager), a vice- 
chairman (always the head of the research institute), 
a secretary (always an employee of the institute 
and a small number of members, works engineers, 
and research workers concerned with the special 
subject of the group. 

The first activity of these committees was biblio- 
graphical research, carried out almost exclusively 
by employees of the institute under the control of 
their own managers. Bibliographical matter, trans- 
lated fully or in a résumé, according to its im- 
portance, was circulated as it became available to 
the members of the working committee and also 
very widely to all technical staff members who had 
asked for it. This information, therefore, reached 
all those who were interested in it, with the trouble 
of finding and translating it already solved. Com- 
mittee secretaries then prepared and circulated 
syntheses of this information in the form of projects 
based on outside experience. 

The time had now arrived to move forward to 
the next stage of research, that is to add the experi- 
ence of the technical people to that of others, and 
to make a synthesis of both. All the members 
of the committee had received, little by little, all 
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necessary information, and in their own language, 
with a combined report at the end. Each of them 
was therefore in a position to make a mental com- 
parison with his own experience, without any need 
to improvise during meetings, as is often the case. 

The considered opinions of all were thus brought 
to light, and projects were decided upon for future 
trials by tests in the works or in the laboratory, 
or in both. When the proposals put forward called 
for facilities on which a decision could be made by 
members of the committee, the work was put in 
hand at once, but if, on the contrary, the projects 
involved expenditure or commitments on a larger 
scale, the management of the Finsider Institute 
submitted these proposals to the responsible heads 
in the companies concerned, or even to the Finsider 
Board 

That is the brief account of the way in which 
the research services were begun. In addition 
there is now a good library containing some 15,000 
volumes. Some 30 standard metallurgical works 
have been translated, and more than 2,000 articles 
from technical journals have been collected, most 
of which have been translated by the staff of the 
institute. An exchange system has also been 
instituted with other companies. 

There is now a filing system with more than 
600,000 entries. Considerable work has been done 
towards setting up an international specialized 
classification system for the iron and steel industry, 
together with an information service, based on the 
files, which is now being extended to give a more 
complete service on an international scale. 

A laboratory workshop for making, installing and 
repairing equipment is already fairly well developed, 
this being run as a small company with its own 
separate accounts. This has given excellent ser- 
vice to the producing works, particularly by the 
speed with which it deals with matters, and it has 
also put its equipment and its staff at the disposal 
of the research workers at extremely low cost when 
compared with that of a similar department incor- 
porated in the research division itself, of which all 
expenses would have had to be charged against 
research work. 

In this way not only have considerable savings 
been made, but there has been put before the eyes 
of the research workers a concrete example of how 
to run a small business in an economical way. 


Vacuum Metallurgy 

A lecture of outstanding interest will be given at the 
Wolverhampton and Staffordshire College of Tech- 
nology, Wolverhampton, on Tuesday, January 27, 1959, 
at 7 p.m., when Mr. J. A. Stohr will speak on *‘ Vacuum 
welding by electron bombardment.’ Mr. Stohr, who is 
Chef du Service du Technologie of the French Atomic 
Energy Commission, is the inventor of this process and 
his lecture will be one of the first on this subject to be 
given in Great Britain. 
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Bright annealing 


A. E. PICKLES 
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Bright annealing, a process to eliminate or reduce after-cleaning, can be carried out 
by a variety of techniques including the use of protective atmospheres or the applica- 


tion of vacuum conditions. 


Mr. Pickles, director and general sales manager, 


Birlec Ltd., discusses these techniques in considering the range of furnaces and 
other plant available for different bright-annealing requirements 


THERE IS NO STANDARD DEFINITION for the term 
‘bright annealing,’ but it broadly covers anneal- 
ing, stress relieving and normalizing processes 
carried out without significant discoloration of the 
treated material. Very widely used by producers 
of wrought metals and metal products, the process 
eliminates or reduces after-cleaning; it can thus 
make great savings in both direct and indirect 
production costs and can often improve the quality 
of the product. 

Protection from oxidation during heat treatment 
is usually obtained by blanketing the charge with 
a suitable gas atmosphere. The atmosphere gases, 
however, must be such as to avoid undesirable 
effects on the treated metal—such as sulphide 
staining, embrittlement, decarburization, etc.—and 
Table I indicates the atmosphere characteristics 
required for the commonly used metals to ensure 
bright annealing. 

Another method of protecting metal from oxida- 
tion is by excluding it, as far as possible, from 
contact with all gases during heating—i.e. heating 
it in vacuum. Vacuum-annealing is not, as yet, 
widely used for production purposes since it 
generally involves rather more complex plant than 
that for annealing under atmosphere. Further, 
certain types of furnaces which may be loosely 
described as vacuum-annealing furnaces do not 
strictly justify this description since the free space 
in the charge container is, in practice, filled with 
the evaporated lubricants from the surface of the 
charge, when the original air content has been 
removed. 

For certain processes some discoloration of the 
annealed material is acceptable—e.g. when a final 
cleaning operation is unavoidable or where a light 
oxide film can be tolerated. In such cases ‘ clean 
annealing ’ may be practised whereby gross oxida- 
tion of the charge is avoided but stringent pre- 
cautions against slight discoloration may be un- 
necessary. In some cases it may be desired, in 
fact, to produce a uniform oxide colour film on 





the work by suitable control of the annealing- 
furnace atmosphere. 

Bright annealing is commonly applied to a wide 
range of ferrous and non-ferrous materials in a 
variety of forms such as wire, strip, sheet, tube, 
pressings, etc. Selection of the appropriate type 
of furnace is determined by various factors: the 
form in which the material is to be handled, the 
annealing temperature required, work-handling 
methods preferred, the floor space and head-room 
available, etc. Table II gives a general indication 
of the furnace types which have been proved to be 
most useful for different classes of work and the 
type of atmosphere best suited to the respective 
conditions. 

In the following pages the principal types of 
bright-annealing furnaces operating with prepared 











Taste I Atmosphere characteristics required for bright 
annealing 
Undesired Atmosphere correc- 
Material effect tive factor 
Mild steel Oxidation Freedom from O, 


Adequate H,/H,O ratio 
Adequate CO CO, ratio 
As for mild steel 
Low H,O content 
High CO/CO, ratio 
Some free hydrocarbon 
may be desirable 








Carbon steel | Oxidation 
Decarburization 





Stainless Oxidation 


Virtually complete 
steel Carburization 


freedom from H,O, 
Co,, CO and other 
oxygen or carbon con- 
taining gases 

Freedom from O 
Freedom from sulphur 





Nickel alloys! Oxidation 
Sulphiding 





compounds 
Copper Oxidation Freedom from O, 
Sulphiding Freedom from sulphur 


Embrittlement compounds 


Low H, content 


ee 








metal treatment 
and Drop Forging 


TaBLe II Furnace types and atmospheres for various classes of work 








Material Form 





Operation 
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Furnace type 





- Atmosphere 


Continuous Batch 





Copper and 
cupro-nickel 


Wire (coiled or spooled) 
and coiled strip 





Sheets 


Bright anneal 








Burnt ammonia or lean exo- 
thermic with full sulphur 


Pusher-tray Bell or pit 





Bright anneal 


Mesh-belt — 


purification 





Wire in strands 


Bright anneal 


Puil-through —— 





Tubes in straight lengths 
or coils 





Bright anneal 


Mesh-belt or — 
roller-hearth 





Clean anneal 


Roller-hearth — Products from direct gas firing 








Pusher-tray or, Bell or pit | Lean exothermic or products 
from direct gas firing or 
steam 

















Cracked ammonia or pure 


Brass and Wire and strip in coils Clean anneal 
nickel- roller-hearth 
silver cee — -——— 
Tubes, sheets and press- | Clean anneal Mesh-belt or — 
ings roller-hearth 
Wire in strands Clean anneal Puli-through - 
Stainless Strip and wire in strands | Bright anneal Pull-through — 
steel - —— 





Small pressings, etc. Bright anneal 


Bright anneal 





Straight, small-bore tubes 


hydrogen 
Mesh-belt o 





Pull-through _ 
or mesh-belt 





Carbon steel | Strip and wire in coils Bright anneal 





Mild steel Strip and wire in coils Bright anneal 


Sheets and strip or tube 
in lengths 





Bright anneal 
or normalize 





Dry burnt ammonia or lean 
exothermic stripped of CO, 
and H,O 


— Bell or pit 


— Bell or pit 





Rich exothermic or lean exo- 
thermic stripped of CO 
and H,O 





Roller-hearth _ 





Rich exothermic 





Pressings and components Bright anneal 


or normalize 


Mesh-belt or —— 
roller-hearth 








Electrical Laminations, sheets or | Clean stress- Mesh-belt or | Bell Burnt ammonia or lean exo- 
strip relief roller-hearth thermic stripped of CO, 

| and H,O 
gas atmospheres are illustrated and briefly described. unloaded and reloaded in rotation. This type of 


Reference is made, in a separate section, to atmo- 
sphere-generating equipment, though a full dis- 
cussion on the metallurgical and chemical aspects 
of furnace-atmosphere control is beyond the scope 
of this article. 


Batch furnaces 

(a) Bell type. Primarily employed for treating 
material in coiled form, the bell-type furnace sup- 
ports the charge on a Suitable base over which a 
gas-tight metal cover is lowered to engage suitable 
seals, permitting the interior to be purged with 
atmosphere gases. Usually, three or more such 
bases with covers are served by one movable heating 
chamber which may be lowered over each in turn, 
thus allowing the exposed containers to be cooled, 


furnace can also be adapted for vacuum-annealing. 

In most applications for this type of furnace an 
atmosphere-circulating fan is mounted below the 
charge in each base to promote rapid and uniform 
heat transfer during both heating and cooling 
cycles. The movable furnace chamber is usually 
electrically heated and connections are made by 
plug-and-socket arrangement at each station. 
Similar furnaces are also equipped for gas firing, 
usually with radiant heaters. Though the shape 
is commonly cylindrical, rectangular bell furnaces 
are also built to accommodate stacks of flat sheets 
or multiple stacks of coils. 

A feature of the bell furnace is that the hearth 
is generally at a convenient loading level and can 
be made sufficiently robust to carry heavy charges. 
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All piping for atmosphere gas can be conveniently 
installed in a trench underneath. A disadvantage 
is the necessity for a crane of sufficient capacity to 
lift the heating chamber complete. 

(b) Pit type. Essentially similar to bell furnaces 
but with the arrangement inverted, pit furnaces are 
sometimes preferred where they permit more con- 
venient handling arrangements. In pit furnaces, 
the charge is carried on a grid suspended from the 
furnace cover which is sealed into the mouth of a 
gas-tight pot. The assembly is lowered into the 
furnace-heating chamber and atmosphere gas con- 
nected by flexible pipes. The pot and its contents 
are removed, after treatment, to a convenient 
station for cooling. This arrangement requires 
less head-room in the shop than a bell-furnace 
installation and a lower crane capacity. 

Pit furnaces are essentially cylindrical in shape 
and therefore adapted mainly to coiled material. 
They cannot, in general, handle such heavy loads 
as the bell-type furnace, but are otherwise similar 
in performance. Circulating fans may be fitted, as 
in bell furnaces, but may be somewhat less efficient 
since the height of the load affects its distance from 
the fan. The seal between the pot and the furnace 
cover is usually made by a water-cooled flexible 


1 Lift-off bell-type furnace for bright annealing steel wire 
cotls, showing movable heating chamber being lowered into 
position 
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gasket which can be arranged to seal against either 
vacuum or gas atmosphere. 

(c) Elevator type. Certain types of charge are 
conveniently loaded on to a bogie which may be 
moved underneath an elevated furnace chamber 
and then lifted into it. This method of handling 
has been adopted, with advantage, for annealing 
stacks of sheets. Traversing and lifting of the 
bogie are performed by power drives, and the shop 
crane is thus not monopolized by the handling of 
furnace charges. 

Usually, elevator furnaces are built with a gas- 
tight outer casing against which the bogie base is 
closed by a sand seal. A controlled atmosphere is 
thus retained without the use of an inner gas-tight 
cover over the charge, though the latter arrange- 
ment can be adopted where it is desired to reduce 
the cooling time to a minimum. 

Heating may be by electric elements or gas-fired 
radiant tubes and, in the absence of charge covers, 
atmosphere circulation is promoted by fans in the 
roof of the furnace. The constructional features 
permit heavy charges to be handled. 

(d) Horizontal furnaces. Mainly for small-scale 
operations, the horizontal furnace employs a gas- 
tight heating chamber directly connected to a 


2 Installation of pit-type bright-annealing furnaces for 
silicon tron cores 


4. 
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sealed cooling chamber. Work is pushed into the 
heating chamber and thence into the cooling 
chamber by hand on a suitable tray, though 


mechanized charge handling can be readily applied, 
if required, for dealing with heavy loads. 

The horizontal batch furnace is, in fact, an 
elementary version of the continuous pusher-type 
bright-annealing furnace to which further reference 
Though the pusher furnace is used 


is made later. 

































3 aBove Battery of elevator furnaces 
showing movable hearth bogies 
with gas-tight covers, 


one bogie being raised into posttion 


4 r1GHT Horizontal, batch-type 
controlled-atmosphere furnace for 


bright annealing and brazing 
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for large-scale production, the batch type is not 
usually considered practical beyond charge capa- 
cities of, say, 50-100 Ib. 


Continuous furnaces 

When the material to be treated is in long lengths 
or in some other form which does not conveniently 
permit stacking, a continuous furnace is generally 
used. The continuous method of treatment, more- 
over, ensures maximum uniformity and permits 
quick cooling where necessary. 

Atmosphere retention in continuous furnaces 
usually depends on keeping the entry and discharge 
openings as small as possible. If large end open- 
ings are unavoidable, they may be fitted with lock 
chambers or downward-sloping extension cowls to 
restrict the escape of gas. 

a) Pull-through furnaces. Wire and strip, in 
strands, may be drawn through the furnace by 
traction rolls or coiling gear at the discharge end; 
small-bore tubing may be handled similarly by 
attaching it to a draw-wire running through the 
furnace. For continuous wire annealing, each 
strand may pass through an individual tube purged 
with a protective gas, but for strip annealing the 
atmosphere is usually retained by the gas-tight 
outer casing of the furnace. 

Stainless steel, however, needs the most scrupu- 
lous atmosphere purity and an internal alloy muffle 
is therefore generally required in furnaces for 
treating this material in any form. Muffle life, at 
the temperature required for annealing stainless 
steel, is limited but the equivalent production cost 
may still be much less than the alternative cost of 
cleaning the material. In the case of strip requir- 
ing a polished finish, it may be supported on a 
carrier strip or on rollers to prevent scratching. 
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(b) Belt furnaces. Probably the simplest and 
most versatile form of conveyor for continuous 
furnaces is a flexible belt woven of heat-resisting 
wire. Passing over drums at either end of the 
furnace and returning underneath the casing, such 
a conveyor handles a wide range of articles, includ- 
ing pressings, stampings, sheets, etc. 

Modern heat-resisting materials and belt-weaving 
techniques permit such conveyors to be built for 
operating temperatures up to 1,150°C. Design of 
the belt driving and tensioning gear has an im- 
portant bearing on the service life of such con- 
veyors. The important requirement is that the 
point of maximum tension stress in the belt shall 
not occur in the region of maximum belt tem- 
perature. 

Electric heating is usually employed and a gas- 
tight outer casing retains the prepared atmosphere. 
For treating certain stainless steels, a continuous 
gas-tight muffle, through which the conveyor belt 


5 Continuous bright-annealing 
furnace with heat-resisting wire 
mesh conveyor belt for copper- 
sheathed cabl: 
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runs, is necessary in order to ensure maximum 
atmosphere purity. 

Furnaces of this type are built in widths up to 
5 or 6 ft. capable of treating sheets of considerable 
size. Loose coils of tubing, rod, etc., can be 
handled conveniently on the conveyor belt, but a 
loading density of about 20 Ib. 'sq. ft. of belt surface 
(at 900°C.) is about the limit for good belt life. 

(c) Pusher furnaces. Heavy components which 
might unduly stress a wire mesh conveyor belt are 
often carried on heat-resisting trays which are 
pushed into the furnace one at a time, thereby dis- 
charging a corresponding tray at the outlet end. 
The trays run on rollers or skids and the pusher 
mechanism—usually hydraulic—may be interlocked 
with end doors to reduce gas loss. 

The heating and cooling chambers are joined 
into a continuous tunnel, as in the belt-conveyor 
furnace, but the inlet and outlet ends may have gas- 
lock chambers. Where it is not convenient to 












6 Continuous pusher-type furnace 
for bright annealing copper wire on 
spools showing charging door 

and return track 

for loading and unloading 
work-trays 
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7 RIGHT Continuous roller-hearth 
clean-annealing furnace 

for copper tubes, heated by direct 
gas firing 


8 BELOW Typical exothermic 
atmosphere generating 

plant, operating from coal gas 
and incorporating primary and 
secondary sulphur 
purification stages 


open and close the end doors as trays are inserted 
and withdrawn, the effective area of the end open- 
ings may te reduced by fitting baffles or ‘ bulk 


heads ’ to the trays. A gravity conveyor is genera- 
ally employed to return the empty trays from the 
discharge end to the loading point. 

Relatively heavy coils of strip or wire on spools 
may be conveniently treated in this type of furnace 
with the advantage that the work flows in an effec- 
tively continuous stream instead of in batches. 
Pusher furnaces may be incorporated in a factory 
conveyor system and generally minimize the floor 
space and work-handling problems which can arise 
from the use of batch-type furnaces which might 
otherwise be selected for the same class of work. 
Either gas or electric firing is practicable and large 
output capacities can be provided. 


d) Roller-hearth furnaces. Sheets, strips, tubes 


and other sections may be carried on a series of 


rotating rollers, thus avoiding the necessity for 
heating up a conveyor belt or carrier tray. Roller- 
hearth furnaces are therefore very extensively used 


i 
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in rolling mills and tube-drawing plant in capacities 
up to several tons per hour and for treatment in- 
volving temperatures up to 1,150°C. 

The rollers in the heating chamber are, of course, 
of suitable heat-resisting alloy and all rollers are 
provided with special gas-tight end-seals. Work 
may be carried along the track in trays, if desired, 
so that this type of furnace is not confined to the 
treatment of straight lengths of material. 

A number of gas-fired roller-hearth furnaces for 
annealing non-ferrous materials rely on the closely 
controlled combustion conditions to maintain a sub- 
stantially oxygen-free atmosphere in the furnace 
for clean annealing. In such furnaces the heated 
work may be cooled, on emerging from the furnace 
chamber, by direct water spray since the presence 
of steam in the atmosphere is permissible for the 
materials treated. This construction is economical 
by eliminating the cost of a separate atmosphere 
generator and water-jacketed cooling chamber. 

The roller conveyor can be arranged to run work 
quickly into the furnace, then carry it at a reduced 
speed—or hold it stationary—in the heating cham- 
ber, after which quick discharge can be provided. 
This feature gives the roller-hearth furnace great 
fiexibility for dealing with material of varying load- 
ing density and for dealing with special annealing 
cycles. 


Furnace atmospheres 


A full discussion on the metallurgical and 
chemical aspects of furnace-atmosphere control is 
beyond the scope of this article. It is sufficient to 
indicate, here, the main types of bright-annealing 
atmosphere and the sources from which they are 
obtained. 

a) Exothermic. The combustion products of 
certain fuel gases—generally town’s gas, butane or 
propane—form the basis of most bright-annealing 
atmospheres. The relative proportions of nitrogen, 
hydrogen, carbon-monoxide, carbon-dioxide, water 
vapour and hydro-carbons in such gases require to 
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9 Catalytic unit for removing organic sulphur from town's 
gas prior to combustion 


be controlled by regulation of the combustion con- 
ditions. Exothermic gas generators incorporate 
means for very simple adjustment and automatic 
control of the desired setting. 

Gas and air, at controlled pressures, are fed 
through a mixing valve and pump to a burner in a 
refractory-lined combustion chamber where the 
mixture burns. The products are cooled and excess 
water vapour condensed out before any necessary 
final purification. Flow-meters indicate the gas-air 
ratio and the total output of the plant. 

‘b) Ammonia dissociators. For treating materials 
which are sensitive to the impurities in fuel gases, 
the dissociation products of ammonia (nitrogen and 
hydrogen) may form a very satisfactory furnace 
atmosphere. Ammonia is readily available in 
cylinders and may be dissociated in a ‘ cracker’ 
which incorporates a heated catalyst. 

The product gases may be passed directly to the 
furnace or may be increased considerably in volume 
by the controlled combustion of the hydrogen 
content with air, thus economizing ammonia con- 
sumption. Further economy may be obtained, in 
suitable cases, by circulating the gas through the 
furnace in a closed system to which sufficient fresh 
gas is added continuously to make up for leakage 
and to counteract any entrainment of air. 

¢) Steam atmosphere. Certain materials which 
are not readily oxidized at annealing temperature 
by water vapour may be treated in a steam atmo- 
sphere. Where process steam is available in the 
factory, this can be readily piped into the furnace; 
otherwise, a small, low-pressure steam boiler may 
be installed to serve the annealing installation ex- 
clusively and several suitable units are available. 
As indicated in a preceding section, steam may also 
arise from direct cooling of the heated material 
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10 Two adsorption-type atmosphere gas dryers with dual 
adsorber vessels alternating on continuous duty 


with water sprays and from the combustion pro- 
ducts of the heating system when direct gas firing 
is employed. 


Atmosphere purification 

As indicated in Table I, certain constituents of 
atmosphere gases may be regarded as impurities 
when treating certain metals, though harmless in 
other cases. Such impurities, according to cir- 
cumstances, may be sulphur compounds, water 
vapour, carbon-dioxide, hydrogen or ammonia, and 
atmosphere plants must include appropriate equip- 
ment, as required, to remove the constituents. 

(a) Sulphur. Town’s gas contains appreciable 
quantities of sulphur, in various forms. Hydrogen 
sulphide is easily removed from the combustion 
products by passing them through a bed of iron 
oxide; sulphur-dioxide is eliminated by scrubbing 
with an alkaline solution. 

Removal of organic sulphur from the raw gas 
before combustion may be necessary in certain 
cases and is carried out by passing the gas over a 
heated catalyst, followed by a scrubber. This 
treatment is usually necessary only when the initial 
sulphur content of the gas is high or where 
maximum freedom from sulphur in the furnace 
atmosphere is essential. 

(b) Carbon-dioxide. Limitation or removal of the 
carbon-dioxide content of the atmosphere gas may 
be desirable to prevent decarburization of steel 
during treatment. For such requirements, a fuel-gas 
combustion chamber may be followed by a scrub- 
bing tower using an amine solution which is con- 
tinuously regenerated. This type of plant can 
produce an atmosphere of virtually pure nitrogen 
which is suitable for many bright-annealing opera- 
tions. 
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An alternative method of carbon-dioxide removal 
is by adsorption in a tower containing molecular 
sieves—a highly porous, granular material. The 
adsorbed gas can be driven off by heating the 
material and it is therefore usual to employ twin 
adsorber towers so that one can be ‘ reactivated ’ 
in this way while the other is in use. 

(c) Water vapour. Combustion of hydrogen and 
hydro-carbons produces water vapour which may 
be detrimental to some heat-treatment processes. 
Adsorption dryers are standardized units for re- 
moving water vapour and are readily incorporated 
in atmosphere plant when required. Moisture ad- 
sorbers are generally similar to the carbon-dioxide 
adsorbers described above. The adsorbent material 
is regenerated im situ and retains its high efficiency 
for years. 

(d) Hydrogen and oxygen. The risk of hydrogen 
embrittlement in certain materials can be countered 
by adjusting the ratio of gas to air in the atmosvhere 
generator combustion chamber so as to burn the 
hydrogen nearly completely. The elimination of 
free oxygen or undissociated hydro-carbons in the 
furnace atmosphere is similarly a matter of accurate 
control of combustion conditions. Accurate mix- 
ture control is, therefore, an important feature of 
atmosphere generators. 

Where the least trace of hydrogen or oxygen 
must be removed, the gas mixture may be passed 
over a heated platinum catalyst. For hydrogen 
removal, a small quantity of oxygen is added which 
reacts, in the presence of the catalyst, with the 
hydrogen to form readily removable water vanour. 
Similarly, oxygen removal requires a small addition 
of hydrogen. 

(ec) Ammonia. Furnace atmospheres generated 
from ammonia may contain small traces of this gas 
which can be detrimental to certain materials. 
Adsorption plant of the type used for removing 
water vapour can be arranged to remove traces of 
ammonia with similar efficiency. 


Conclusion 

It has been shown that bright or clean annealing 
is now regularly employed in the production of both 
ferrous and non-ferrous sheet, strip, wire, tubes, 
etc., and in the fabrication of components from 
these materials. There is a variety of techniques 
available, including the use of protective atmo- 
spheres and, on the other hand, the elimination of 
all gases by the application of vacuum. In certain 
cases two methods may be combined—e g. the 
initial removal of air and other deleterious gases by 
vacuum followed by the admission of a protective 
atmosphere of controlled composition during heat- 
ing and cooling. 

For all these purposes there is a wide range of 
furnace types and a number of atmosphere- 
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generating plants. The type of furnace can be 
selected according to the form of the material and 
the production requirements, while the atmosphere- 
generating plant must be selected to provide the 
requisite chemical conditions for the material in 
question and to use the most economically available 
source for the required gases. For almost any 
normal’ industrial annealing or related process, 
there is a range of appropriate, fully-proved plant 
in each category, from which to make the selection. 


Forging difficult materials 

WITH THE INTRODUCTION of newer metals, such as 
titanium, into the aircraft, chemical and nuclear fields, it 
became necessary to devise methods of working them 
which took account of their peculiar properties. One 
of the first companies to undertake the forging of titanium 
when this metal was newly produced in this country was 
Danic! Doncaster & Sons Ltd. of Sheffield, and much of 
the early experimental work in forging this metal was 
entrusted to them 

Ihe intricate procedures and special skills needed for 
the manipulation of such difficult materials could be 
developed only from a background of experience in 
forging and drop forging the more highly developed 
alloy and complex steels. Doncasters were able to bring 
their experience of the properties of difficult steels to 
bear upon the newer metals, and are now successfully 
forging on a production basis such metals as titanium, 
Nimonic, zirconium, aluminium bronze, heat-resisting 
alloys, high permeability iron, etc. 

To firms in industries now considering the 
application of the newer metals into their own particular 
products, Doncasters have now issued an illustrated 
brochure; in this they also offer their experience and 
resources in both the design and production of com- 
ponents which may benefit from a new specification. 
Experimental work is being carried out and such work 
is regarded as fundamental. 

Another section of the booklet covers Doncaster’s 
activities in producing precision forged blades for com- 
pressor blades and turbine blades for gas and high- 
temperature steam turbines, to high standards of dimen- 
sional accuracy, surface finish and control of metal- 
lurgical structure. Also given are short descriptions of 
the facilities for producing hardened forged steel rolls for 
cold rolling and of powder metallurgy. 

Copies of the brochure, * The manipulation of difficult 
wrought materials,’ are obtainable on request from the 


assist 


Publications Dept., Daniel Doncaster & Sons Ltd., 
Penistone Road, Sheffield. 

Corrosion exhibition 

The Corrosion Group of the Society of Chemical 


Industry is once again organizing an exhibition relating 
to prevention of metallic corrosion. It will be held at 
the Battersea College of Technology, Battersea Park 
Road, London, S.W.11, on January 22 and 23, 1959. 
The main theme of the exhibition is the apparatus and 
techniques used for research and for control of anti- 
corrosion processes, but recent developments in other 
fields will also be shown. 

On the 22nd the exhibition will be open, from 6.30 
p.m., only to members and their friends attending the 
Group’s annual conversazione and tickets will be required. 
On the 23rd the exhibition will be open to all without 
tickets from 9.30 a.m. to 3.30 p.m. 
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Problems of brittle fracture 


H. HARRIS B.Sc., Ph.D. 


In hus presidential address to the West of Scotland Iron and Steel Institute, last 
October, Dr. H. Harris, of Babcock & Wilcox Ltd., discussed the present state 
of knowledge regarding the occurrence of brittle fracture with particular reference 


to the construction of pressure vessels. 


While there are still large gaps in our 


understanding, Dr. Harris suggests that with good design and workmanship there 
is no need to fear brittle fracture in the pressure vessels of atomic power stations 


OPINIONS MAY VARY concerning what the problem 
of brittle fracture really is, so that it is preferable 
to have as clearly in mind as possible the problem 
as seen by the manufacturer and user of pressure 
vessels. Engineers are concerned about the fact 
that important welded structures have failed by 
the initiation and rapid propagation of fractures af 
low applied stresses. In such instances the frac- 
tures have been of a brittle character even though 
the steel would have been expected by conventional 
standards to have behaved in a ductile manner. 
The real problem was not that the steel failed in a 
brittle manner, but that the failures were under 
conditions of applied stress when a failure even of 
small dimensions was not expected and certainly 
catastrophic collapse or rupture was not even 
dreamt of. Such failures have occurred in a ship 
lying calmly at its berth and in a storage tank being 
filled with water prior to hydrostatic test. This 
behaviour, of particular significance to the merchant 
navies during the late war, was sufficiently frequent 
and alarming that considerable efforts have been 
made to investigate the fundamental facts. In 
spite of these efforts, which are of international 
scope, the problem is by no means fully understood. 

Enough research has, however, been carried out 
to lead to a reasonable understanding of the prob- 
lem and to form the basis for an intelligent appre- 
ciation of what can and what should not be done in 
the design, manufacture and use of pressure vessels. 


Work of Robertson and Wells 

The purpose of this address is not to deal in a 
chronological order with the work that has been 
published, but rather to take the present status and 
to show that an enlightened outlook can now be 
achieved. We may, therefore, begin with a descri>- 
tion of two major contributions that have origi- 
nated in the British Isles. In the first place there is 
the work of Robertson at the Naval Construction 


Research Establishment at Rosyth. Robertson has 
shown that when a crack is initiated in a sample of 
steel held under a constant tensile stress but with 
a temperature gradient so chosen that the crack is 
initiated at a low temperature, the crack is arrested 
at some higher temperature, called the crack arrest 
temperature. 

It is perhaps somewhat erroneous to define this 
temperature as the point where the crack stops. 
Robertson actually uses the temperature where the 
crack begins to show the change from cleavage to 
shear. This temperature is dependent upon the 
stress applied, so that in plotting this dependency 
we achieve a Robertson curve of the type shown in 
fig. 1. From this figure it will be seen that for the 
particular steel there is a transition temperature of 
the order of 0°C. above which the crack will not 
propagate at low stress levels but below which 
a crack, once initiated, will continue to travel even 
though the applied stress is only of the order of 
4 tons/sq. in. 

It will be appreciated how the engineer and the 
metallurgist welcomed such a clear exposition of 
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2 Wide-plate test results for mild steel 


one facet of the brittle fracture problem. The 
Robertson curve, however, is not all-sufficient. The 
experiment is artificial in that the method of crack 
initiation is quite removed from behaviours in 
practice; the data relates primarily to the propaga- 
tion of an initiated crack. 

Following this important work at the Naval Con- 
struction Research Establishment, Wells and his 
collaborators at the Abington laboratories of the 
British Welding Research Association were explor- 
ing a method of test much more representative of 
actual happenings. In the work at BwRA welded 
test plates | in. in thickness and 3 ft. in width were 
made with artificial defects in the weld. The de- 
fect took the form of a fine saw-cut extending a 
very restricted distance into the parent metal. The 
welded plate was cooled to a pre-selected tempera- 
ture and then stressed uniformly in the direction of 
the weld. Using an ordinary mild steel, it was 
found that a relationship of the type shown in 
fig. 2 existed between the temperature and the 
stress necessary, in this instance, to initiate failure. 
Again it will be seen that some type of transition 
behaviour exists. 

From a consideration of these experiments it will 
be appreciated that conditions very similar to actual 
failures are being produced in the laboratory and 
that as a consequence a tool of supreme importance 
appears to have been forged and should be ex- 
ploited. 


Residual stresses 

In view of the necessity to make progress as 
rapidly as possible with the limited resources avail- 
able, the research laboratories of Colvilles Ltd. 
undertook an investigation to determine the in- 
fluence of residual stresses. As a result of this 
series of tests it was shown by Kennedy that the 


january, 1959 


presence of the residual stresses consequent on 
the welding operation was necessary if fracturc 
at stresses lower than the yield point were to be 
initiated. This was, in fact, an achievement of rea 
merit and significance. Whatever opinion a perso: 
might have harboured privately, there was a tre 
mendous body of informed opinion that held t 
the belief that residual stresses had played no part 
in the brittle-fracture failures. Now at last that 
opinion is shattered, and it is now recognized that 
stress relief has a decisive effect on whether a 
structure will or will not fail in a brittle manner 
at low levels of applied stress. 

It might appear that at this point those interested 
in pressure vessels could afford to sit back and say 
that so far as they were concerned the problem was 
settled—apply stress relief and the fear of brittle 
fracture vanishes. However much truth there would 
be in such an attitude it is not the complete story: 
the problem of brittle fractures during construction 
and in vessels that cannot be stress-relieved would 
remain, 

It happened that fig. 2 had been obtained from 
specimens which had been welded using rutile- 
coated electrodes. The choice of such electrodes 
was not altogether fortuitous as they were at that 
time being widely used for the site construction of 
storage tanks on account of the facility with which 
they could be used by the welders. It had also been 
thought that because of the good notch impact 
properties, they would be a reliable choice when 
the possibility of brittle fracture was taken into 
account. 

A realization of how misieading conclusions can 
be when made from some hypothesis, which though 
widely held was nevertheless unsupported by prac- 
tical data, became evident when the wide plate 
tests were repeated on specimens the root runs of 
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which were deposited using low-hydrogen elec- 
trodes. Fig. 3 shows the two curves, and a sig- 
nificant difference is clearly to be seen. 

It has been stated that these experiments by 
Wells at the Bwra laboratories reproduce actual 
conditions that are encountered in practice. An 
unbiased assessment will, it is believed, allow that 
the actual conditions of the test are what one could 
expect in a construction involving butt welds. The 
only proviso would possibly be that the severity of 
the initiating defect in Wells’ test specimens is much 
more severe than would be found in even reasonably 
good industrial practice. Also, the results of the 
tests undeniably reproduce what has been found in 
brittle-fracture failures, namely, fractures in welded 
construction initiated at low applied loads. It is 
therefore difficult to believe that these experiments 
cannot be translated directly into practical terms. 

Arising from this is the conclusion that if a struc- 
ture, as such, has a transition temperature and if 
this transition temperature, as shown by the Wells 
data, has real significance, it cannot at present be 
derived on the basis of the conventional laboratory 
determinations of notch impact properties of the 
materials, for example, plate or weld metals, em- 
ployed in the construction. 

In these circumstances it is not strange to find 
that, apart from a somewhat general appreciation 
that the lower the transition temperature as deter- 
mined, for example, by Izod or Charpy tests, the 
more liable is a steel to brittle fracture, no satisfac- 
tory correlation between brittle fracture failures and 
such properties has been established. This con- 
dition persists in spite of the tremendous efforts that 
are known to have been expended in trying to find 
some such correlation. 

It seems clear that the liability of a structure to 
brittle failure can only be assessed on the basis of 
tests in which both the parent and the weld metals 
participate. If for no other reason than this the 
future exploitation of such tests as those of Wells 
in Great Britain and of Pellini in the United States 
will be awaited with considerable interest. 


Crack severity 

One aspect of the observation of Wells has, how- 
ever, been neglected in this discussion, namely, the 
‘severity’ of the failure in his tests. While in 
fig. 3 the relationship between stress and tempera- 
ture for crack initiated is plotted, no account is 
taken of the severity of the cracks, assessed in 
the experiments by their length. With the varied 
experimental conditions, differences in this severity 
were noted; some cracks traversed the full width 
(3 ft.) of the specimens, whereas others were only 
of a few inches in length. 

It is in this respect that a suggestion of Rankin 
from Colvilles’ research laboratory proved par- 
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ticularly fruitful. When the Robertson curve is 
added to those of fig. 3, as has been done in fig. 4, 
a really comprehensive picture of the brittle-frac- 
ture problem becomes evident. The Wells curves 
show the temperature and stress conditions under 
which a crack is initiated from the artificial defect 
and dependent on the relationship between this 
point and the Robertson curve will be the progress 
of the crack. If the point is to the left and above 
the Robertson curve the crack will not be arrested— 
the failure will be complete. If the point is to the 
right and below the Robertson curve the crack will 
not propagate indefinitely but will be stopped in 
the plate material. This is entirely an attractive 
picture of the brittle-fracture problem and only 
further work will show whether, although the basic 
facts are correct, the interpretation has been over- 
simplified. 

It must be realized that while the Robertson 
curves for plates are made under closely controlled 
conditions, and while the assessment of the experi- 
mental results is reasonably precise, at least for 
plates which are not particularly thick, such pre- 
cision is not attained in the Wells test because the 
initiating defect, as it exists immediately prior to 
fracture, cannot, by the very nature of things, be 
other than variable. It is not unexpected, therefore, 
that the scatter on the Wells data is appreciable. 

This lack of precision is, however, not unknown, 
and not necessarily greater than in other studies of 
transition behaviours and in the wide plate tests 
seems to be resolvable only by increasing the num- 
ber of tests so as to establish the resultant curves 
with reasonable accuracy. 


Effect of welding electrodes 
One of the many problems remaining concerns 
the reason why the electrodes used in these experi- 
cl 
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ments play such a large part in determining the 
‘transition’ behaviour of the welded specimens. 
As yet the elucidation of this problem has not been 
approached experimentally, so that opinion at the 
present time is to a certain degree speculative. 

Three possible explanations have been advanced. 
One is based upon the fact that it is known that 
hydrogen in steel increases the transition tempera- 
ture, and therefore with a rutile type of electrode 
there is the possibility of hydrogen diffusing into 
the parent plate and at the base of the artificial 
notch, creating conditions more favourable to the 
initiation of failure. This may appear to be a little 
far-fetched, and the general opinion at the present 
time favours a more mechanical approach, based 
upon either micro-fissuring or macro-cracking in 
the weld metal bridging the two saw cuts in the 
plate material (one on either side of the weld). 
These two latter suggestions do, however, empha- 
size the known fact that the role of the initiating 
defect is of major importance. 

As a consequence it is justifiable to ask what 
happens in a wide-plate test in the absence of an 
initiating defect. The answer is that brittle fracture 
at low applied loads does not occur. This is borne 
out by the lack of success encountered recently in 
the United States, where an attempt was made to 
develop a test specimen in the form of a small 
pressure vessel for the purpose of studying the 
brittle-fracture problem. It did not prove possible 
to initiate brittle fracture in the pressure vessel 
until a wholly unacceptable design feature, the pur- 
pose of which was to provide a very major stress 
concentration, was incorporated in the vessel. 

Such considerations, therefore, lead to the second 
inescapable prerequisite for brittle facture at low 
applied loads; there must be a defect in the weld 
zone, of sufficient magnitude in its influence, before 
fracture can be initiated. 


Limitations of radiography 

A statement of this type clearly summons before 
one’s eyes a wide score of experimental programmes 
to ascertain the quentitative aspects of the situa- 
tion. But the question will necessarily arise 
to whether the effort would be worth while. in 
pressure vessel construction, a potent tool in the 
form of radiography has been used by the manufac- 
turers to ensure that gross defects do not exist in 
the pressure vessels when they are put into service. 
No one knows better than the experienced manu- 
facturer the limitations of the non-destructive 
methods of examination he uses. It is well recog- 
nized within the industry that radiography is not 
necessarily competent to detect fine cracks in thick 
weldments. 

It is also recognized within the industry that 
fabrication methods play an important part in the 


january, 1959 


incidence of cracks and the reliable manufacturer 
will not use a cheaper method of construction if it 
is known to be prone to leave cracks or crack-like 
defects in the welded zone. With the use of radio- 
graphy and well-established and verified practices, 
the possibility of leaving in a butt weld a defect of 
a magnitude of sufficient severity to lead to failure 
at low applied stresses is extremely remote, so ex- 
treme in fact that one is inclined to say impossible. 
Enthusiasts for the use of ultrasonic inspection 
techniques are inclined to emphasize the fact that 
here is a tool that can dispel the fear of leaving 
any defect, no matter how small, in a weld no 
matter how thick. 

While this may be true, the merits and demerits of 
alternative methods of non-destructive testing fall 
outside the scope of this address. It is proposed, 
therefore, to leave this subject with the final thought 
that, whatever may happen in the future, so far 
as can be ascertained there is no known case of 
brittle failure at low applied stress having occurred 
in a welded seam that had been radiographed. 

All butt welds in Class I pressure vessels can 
be radiographically examined, otherwise the welds 
themselves could not be made. It would appear, 
therefore, that the possibility of such vessels failing 
by the brittle-fracture mechanism is extremely re- 
mote, no matter what type of steel may be employed, 
because two of the necessary conditions for such 
failures, (a) residual stress, and (6) an initiating 
defect, are both absent: stress relief and non- 
destructive examination are demanded in ll 
present-day British specifications for such vessels. 
There is no known case of brittle fracture of a 
Class I pressure vessel in service, even though such 
vessels have been in service for many years at tem- 
peratures well below any conventional transition 
temperature of the materials involved. 

In view of the agreement between extensive ser- 
vice experience of Class I pressure vessels and the 
laboratory investigations briefly described, one is 
justified in asking what is the remaining problem 
in the experimental programme that has any impor- 
tance to the manufacturer and user of pressure 
vessels, and why is so great an emphasis being 
placed uvon steel selection by various competent 
bodies. 


Selection of steels 

The manufacturer has two aspects to consider: 
the possibility of a brittle fracture, (a) during con- 
struction, and (6) for vessels that cannot be sub- 
mitted to an effective stress-relieving operation. In 
both instances residual stress of a high magnitude 
will be present, and, since there may exist the possi- 
bility of a defect of sufficient size to trigger off 
brittle fracture, it is necessary for the fabricator to 
consider carefully his choice of the steels available. 
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In large constructions, where large tonnages of steel 
are involved, the economic aspects cannot be dis- 
regarded, for the extra price per ton of steel of 
improved notch ductility characteristics can be an 
appreciable percentage of the total manufacturing 
costs. 

Fig. 5 is similar to fig. 4 but is for a steel (NDI) 
with somewhat better notch-impact properties. 
Three effects are worthy of comment. The tem- 
perature difference between the two Wells curves is 
not so noticeable in fig. 5 as in fig. 3, suggesting 
that with an improvement in the steel the influence 
of the electrode type is not so prominent. Secondly, 
with the two sets of specimens with root runs made 
with the low-hydrogen electrodes there is no sub- 
stantial difference between the two series of results. 
With the specimens welded with the rutile electrodes 
there is a shift towards lower temperatures for the 
steel with the better notch impact properties. The 
third point to notice is that although the Robertson 
transition temperature is not markedly changed, 
the major influence of the steel quality has been to 
raise the stress level for the crack-arrest tempera- 
tures below the transition temperature. 

Arising from the changes in the relative positions 
of the wide-plate test results and the Robertson 
curve, it can be seen that with the improved steel a 
lower temperature and a higher stress is on the 
whole necessary to initiate catastrophic brittle frac- 
ture. This arises from the fact that, except for 
stresses below 6 tons/sq. in., the curves for the 
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wide-plate tests are to the left and above the 
Robertson curve. 

We now have an adequate picture of the brittle 
fracture problem as it applies to pressure vessels, 
and it will perhaps be appreciated how futile it is 
to base the probability of failure on the conven- 
tional notch-impact tests. This, of course, is not 
to imply that a notch-impact test may not have 
some bearing on the problem, but rather to empha- 
size that its importance is confined to a qualitative 
assessment. At the same time it is not suggested 
that we are in possession of all the desired facts. It 
is well recognized throughout the British industry 
that the next most important point to establish is 
the influence of section thickness. The truth of this 
statement lies in the ready response made, by those 
organizations approached, to a special appeal that 
was made on behalf of the British Welding Research 
Association for the necessary funds to extend their 
work to plates of 3 in. thickness. 


Types of defect 

Also, further information is surely desirable on 
the significance of the type of defect producible in 
welded plates. It must be considered that the 
original defect explored by Wells is one that is not 
likely to simulate conditions that wili exist in a well- 
constructed pressure vessel and it would be of con- 
siderable interest to have a clearer understanding of 
the more precise mechanism by which the defect 
operates. Such tests are expensive and time- 
consuming, and one has of necessity to curb one’s 
impatience, but meantime it is submitted that the 
two researches on which attention has been focused 
have advanced the understanding of the brittle- 
fracture problem in pressure vessels to the point 
when definite use can be made of the data to the 
advantage of engineering industry. 

To recapitulate the findings of the investigations 
mentioned, it can be seen that for brittle fracture 
at low applied loads to occur, three factors have to 
be present simultaneously, namely: (a) there must 
be residual welding stresses; (6) there must be a 
defect present of sufficient severity that it can be 
the point of initiation of the fracture; and (c) the 
structure must be at a sufficiently low temperature, 
which cannot be defined by conventional methods 
of testing. 

There is only one reservation that seems reason- 
able to make at this stage, and that is that we still 
do not know sufficient concerning the influence of 
stress concentrations of a serious magnitude. It 
would seem, therefore, that it is permissible to 
associate the above conclusions with conventional 
good practice in design. 


Problems of nuclear power production 
Finally, some consideration might be paid to the 








metal treatment a0 
and Drop Forging 


importance of this work in the field of nuclear 
power production. Here two special considerations 
are thought to apply. In this most recent of all 
power-production methods, the containment vessel 
(the reactor vessel) of the radioactive core is, for 
the gas-cooled graphite-moderated reactor, of a 
size and thickness that would appear at first sight 
to necessitate special treatment during manufacture. 
But is this, in fact, really such a problem? It is 
agreed that much of the construction has to be 
undertaken under site conditions, but it is also 
agreed that those site conditions can approximate 
quite closely to those appertaining in the average 
pressure-vessel factory. 


The difficulties are largely those imposed by the 
methods of mechanical handling and assembly. 
The difficulties, however, are not of an insuperable 
nature; adequate planning of the constructional 
methods, provided they are based on the well- 
recognized requirements of experienced pressure 
vessel manufacture, will be an adequate safeguard 
against the introduction of defects of sufficient 
magnitude and orientation to initiate brittle frac- 
ture. Furthermore, the steel qualities employed 
can be of a type that not only has adequate resist- 
ance to crack propagation but is also characterized 
by freedom from laminar defects which, as is well 
known, can lead to the occurrence of more serious 
defects during welding. 

For the containment vessels for other types of 
reactors, such as the pressurized water types, the 
problems are exactly those at present met with and 
overcome in present-day practice. The only major 
difference is that the thickness of the steel (possibly 
6-8 in.) may exceed by a relatively small degree 
the thickness (5-6 in.) of vessels now quite fre- 
quently produced as a factory routine. In such 
instances the one factor that is of predominant 
importance is the adequacy of the non-destructive 
method of weld examination. This is a serious 
problem which does not need discussion at this 
stage as it will suffice to state that adequate methods 
are now available in those shops where such work 
has been undertaken in the past. 


Effects of irradiation 

The one remaining problem, therefore, in nuclear 
power production is the effect of irradiation by 
neutrons on the reactor vessel. 
neutron irradiation is becoming clearer as more ex- 
perimental results are becoming available. Briefly, 
the evidence is that under neutron bombardment 
the transition temperature of a steel, measured by 
conventional notch-impact tests, is increased. The 
increase is determined by the extent of the irradia- 
tion, toth time and density, and by the speed of 
the neutrons. The greater the neutron velocity the 
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more potent its influence. Also, the temperature of 
the steel has an important part to play. It would 
appear that the maximum ‘ damage’ to the stee! 
can occur in the temperature range of 150-250°C. 
and that above 300°C. the damage can be an- 
nealed out. 


Sufficient has probably been said, therefore, to 
indicate that the problem of the effects of neutron 
irradiation in reactors is not capable of simple 
solution until more accurate data can be obtained 
from actual service measurements of flux density. 
At the moment estimates can be made, and it has 
been stated that an increase of the transition tem- 
perature—determined from Charpy V-notch impact 
specimens—can be expected to be as small as a 
few degrees centigrade or as large as 40°C. in 
the case of the reactor vessels of the gas-cooled 
graphite-moderated reactors at present under con- 
struction in this country. 


On the basis of the Wells wide-plate tests, figs. 
3 and 5 show that, for the welds incorporating root 
runs made with low-hydrogen electrodes, the trans- 
sition temperature has barely changed, whereas the 
change in the transition temperature for the steel, 
determined by Charpy tests, was of the order of 
25°C. Or again, if comparisons are drawn be- 
tween the behaviours of the ordinary mild steel 
of fig. 3 and a notch ductile steel of the NDIV 
type, whereby conventional Charpy tests the tran- 
sition temperature is decreased by approximately 
80 C., it is found in the Wells test that the tran- 
sition curve has been shifted only 15-20°C. 


If the estimates of irradiation damage are reason- 
ably accurate, and if the corresponding data deter- 
mined as the result of the welded wide-plate tests 
can be relied upon, it is clear that with present-day 
good practice in design, workmanship, construction 
and erection, and with steels that have a long 
experience of industrial usage there is no need to 
anticipate brittle failures in nuclear reactor vessels 
now being produced for industrial power pro- 
duction. 


Industrial gas manufacture 


A new plant capable of manufacturing several million 
cubic feet of high purity oxygen and nitrogen per week 
is now being erected in Glasgow for British Oxygen 
Gases Ltd. A compressing station is also being built 
which will be capable of meeting the increased demands 
for compressed oxygen, nitrogen and air in the dis- 
trict. 


Buildings on site will include bulk storage for liquid 
oxygen, an electrical sub-station, propane cylinder storage 
dock, dispatch office and boiler house. : 

All industrial gases, including argon, hydrogen and 
propane, will be distributed from the new works which 
is situated on a 25-acre site at Polmadie. 
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covering pressure, temperature and composition 


Use of thermodynamic data to elucidate the cadmium-zinc binary system 


PROF. A. G. GUY and SHOTARO MOROZUMI 


Most metallurgists are familiar with the ordinary temperature-composition phase 


diagram, plotted for a constant pressure, usually one atmosphere. 


In the following 


article, the authors have taken this a stage further and from thermodynamic-activity 
data have constructed a_ three-dimensional pressure-temperature-composition 
(P-T-X) diagram for the cadmium-zinc system. With the increased use of vacuum 
techniques such physico-chemical data are valuable, particularly so in the case of 
the cadmium-zinc system, since these two metals are recovered and separated by 


condensation from the vapour-phase in ordinary commercial operation. 


Professor 


Guy occupies the Chair of Metallurgical Engineering and Shotaro Morozumi is 
a Graduate Student at Purdue University, Lafayette, Indiana, U.S.A. 


THE INCREASING USE of vacuum techniques, such 
as vacuum melting, in metallurgical operations 
calls for more general information about phase 
equilibria than that given by the ordinary phase 
diagram at one atmosphere pressure. The answer 
to this need can be supplied by the P-7-X diagram, 
in which pressure, P, is plotted as a variable in 
addition to temperature, 7, and composition, X. 
The principles governing the general features of 
P-T-X diagrams are well known': *. * but quantita- 
tive diagrams are almost entirely lacking. Even for 
a system such as cadmium-zinc, which has the 
dual advantages of commercial importance and 
experimental convenience, no P-7-X diagram was 
found in the literature. 

In connection with an experimental study of 
vaporization in the cadmium-zinc system, an effort 
was made to construct a quantitative P-7-X dia- 
gram making use of thermodynamic data, thus 
extending the calculations made by Lumsden‘ 
for the 7-X section at atmospheric pressure. The 
method employed was successful in producing the 
required diagram and appears to be generally 
applicable for this purpose. The method is de- 
scribed here together with the quantitative P-7-X 
diagram obtained for the cadmium-zinc system 
by its use. 

The ordinary phase diagram for the cadmium- 


zinc system is a simple eutectic with limited solid 
solubility, and in formal treatments the P-7-X 
diagram in this case is drawn as shown in fig. 1, 
which has been adapted from Rhines.* That is, the 
vapour-solid equilibria (the front pressure-com- 
position plane in the figure) are shown as the (in- 
verted) analogue of the liquid-solid equilibria (the 
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1 Typical P-T-X diagram for a binary eutectic system 
with limited solid solubility 
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2RIGHT P-X section at 420 C. in the 
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upper temperature-composition plane). In the 


following treatment it is convenient to consider 
that the P-7-X diagram is composed of three 
relatively simple two-state* equilibria—solid-liquid, 
liquid-vapour, and vapour-solid—interconnected 
through a more complex three-state region of the 
diagram. The present calculations verify that 
the liquid-vapour equilibrium in the cadmium-zinc 
system is of the type shown in fig. 1. However, as 
is discussed later, the vapour-solid equilibrium is 
characterized by the analogue of a peritectic reaction 
rather than of a eutectic reaction. 

The solid-liquid equilibrium is given ade- 
quately for all pressures below atmospheric pres- 
sure by the ordinary phase diagram at one atmo- 
sphere pressure. It is known that at very high 
pressures this diagram changes considerably. For 


*The term ‘ state’ is used here in reference to the three states 
of matter, solid, liquid, and vapour. 
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example, a pressure of 30,000 kg./cm.* increases 
the melting point of zinc by 129°C. and increases 
the melting point of cadmium by 187°C.° How- 
ever, the change in pressure from 1 atmosphere 
toward zero causes the melting points to change by 
only a small fraction of a degree, and the other 
aspects of the solid-liquid equilibrium show similar 
stability. 


Determination of liquid-vapour sections 

The two equilibria involving the vapour phase 
liquid-vapour and solid-vapour) are conveniently 
considered at constant temperature rather than at 
constant pressure as in the case of condensed 
phases. The rear pressure-composition plane in 
fig. 1 shows the general nature of the liquid- 
vapour equilibria expected for the cadmium-zinc 
system. Consideration of the equilibrium between 
a vapour phase and a condensed phase will show 
how this type of P-X section can be determined 
quantitatively using thermodynamic activity data. 
The method employed here is an extension of that 
described by Vogel* for ideal solutions. 

In the diagram of fig. 2 the liquid phase is the 
only phase present at high pressures. The vapour 
phase can first coexist over a liquid phase of 
composition X, (/) when the external pressure, P, 
is equal to the vapour pressure of the liquid solu- 
tion. (In the following treatment the subscript 1 
refers to cadmium and the subscript 2 refers to 
zinc.) In a binary solution the total vapour pres- 
sure is the sum of the partial pressures, p, of the 
two components, and therefore the condition for 
coexistence of the liquid and vapour phases is, 


Pe RR sscautccnaes (1) 


When the vapour phase can be considered to be an 





3 
e 
P 
. 
4 
2 


Hin 


ah 


‘les 








59 


ee EEE 


Ses 
ses 
w- 
ere 


her 
lar 





metal treatment 















































january, 1959 23 oats, Miaei tua 
[" 4 Schematic P-X diagram illustrating 
he principles of calculation 
d d+8 oe 
\a > . 
ON PERIATMIC REACTION HORIZONTAL‘ 
} OW sn 
As 
a 
¥ | VAPORUS — 
a | cuRVes > Pom 
M | 
a 
x 
a | 
VAPOR 
bisicatesilbanetn thnettnataliinss meek oak oe 
COMPOSITION, X 
! TT. ee 2 _ ene - _ nouns J 
| a a+6@ 
ot ' d+ VAPOR ' 
te i 
ld | VAPOR 6+VAPOR | 6 
-1 | SAE Ss. CRE 
a 
© d +f 
oi 6 
1-2 } 
ig +VAPOR 
-3} 
VAPOR 
-4 a ae s hiiadinl lin iiad eee arnt 
5 P-X section at 265 C. in the fe) 02 o4 06 O08 oO 


cadmium-zinc system 


ideal gas, as in the case of metal vapours at low 
pressures, the thermodynamic activity, a,, of 
component | in a solution can be defined in terms 
of the vapour pressure of the pure component, 
p ;, and the partial pressure, p,, of this component 
over the solution! : 


Pi 


ye ee. da cewinenckent 2 


Pi 


Thus, equation (1) can be written 


P=apP > af» 


and the pressure P can then be determined from 
data on the thermodynamic activities and vapour 
pressures of the two components. The composition 
of the vapour phase, X,(v), in equilibrium with the 
liquid phase of composition X,(/) follows directly 
from Dalton’s law, since the fractional pressure 


ATOMIC FRACTION OF ZINC, X, 


exerted by each component is equal to its atomic 
fraction in the vapour phase; therefore, 
Ps 
XA) — mK Sie eee 4) 
Pi + Pz 


Equations (3) and (4) were used to calculate the 
P-X section shown in fig. 2 and also sections at 
470 and 520°C. The vapour pressure data were 
obtained from Kubaschewski and Evans® and the 
activity data from Bohl and Hildebrandt’, fig. 3. 


Estimation of thermodynamic activities from 
the phase diagram 

Thermodynamic activity data are available for 
the liquid phase in a number of binary systems and 
for the solid phases in somewhat fewer systems. 
However, in many cases these data have not yet 
been determined. It is fortunate that quite good 


estimates can be made under certain conditions if 
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the ordinary phase diagram is accurately known and 
if values of the heats of mixing are known or can be 
adequately approximated. The method employed 
for liquid solutions has been described by Chipman 
and Elliott*® and it has been applied by Lyashenko* 
to calculate activities in cadmium-zinc alloys at 
427°C. These calculated values are compared 
with the experimental data in fig. 3. 

Lumsden‘ has shown that the activities of the 
solid-solution phases in the cadmium-zinc system 
can also te obtained from the phase diagram. His 
values for the infinitely dilute solutions are: 


RTiry, = 6560—3.40T ...... 5 

RTlny, = 4170—1.52T ......(6 
where the activity coefficient, y,, is defined by the 
relation a, y,N,, and the pure components are 


taken as the standard state. There is little error 
in neglecting the variation of the activity coefficients 





| > — 
0 7 P-X section at 295°C. in the 


cadmium-zinc systen 


with composition over the small range of com- 
positions of the solid solutions in the cadmium- 
zinc system. Brown'® has verified the relation of 
equation (5) and has suggested a slight modi- 
fication of it. 


Determination of the solid-vapour sections 


P-X sections for the equilibria of solid and 
vapour can be calculated in the manner described 
above for liquid-vapour equilibria except that the 
region of coexistence of two solid phases must be 
taken into account. This can be done by calculating 
the boundaries of the x + vapour two-phase field 
starting from the cadmium side of the diagram, 
as shown schematically in fig. 4, and similarly 
calculating the boundaries of the 8 + vapour 
field starting from the zinc side of the diagram. 
These boundaries can be determined using equa- 
tions (3) and (4), provided that the activities are 
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now understood to be those of the solid solution. 
In fig. 4 the boundaries of the x + vapour field are 
shown extended into the region of metastability to 
emphasize the similarity between this two-phase 
field and the liquid + vapour field in fig. 2. At the 
point of intersection, 0, of the two vaporous curves 
the « and 6 phases are in equilibrium with vapour 
of the same composition and therefore they are in 
equilibrium with each other. At pressures higher 
than that corresponding to point 0 the vapour 
phase disappears in the central region of the 
diagram between the single-phase « field on the 
left and the § field on the right, and only a mixture 
of the two solid phases remains. The curve bound- 
ing the region of existence of the vapour phase has 
been called the vaporous, following the practice of 
Ricci.’ It is proposed that the three-phase axis be 
called the periatmic reaction horizontal and that the 
corresponding three-phase axis in the vapour-solid 
region of fig. 1 be called the ewatmic reaction hori- 
zontal’ by analogy with the familiar peritectic and 
eutectic reactions involving the liquid phase. 

The activity data of equations (5) and (6) were 
used to calculate the P-X section at 265°C. shown 
in fig. 5, and also sections at 150 and 210°C. All 
of these sections contained a periatmic reaction, 
rather than a euatmic reaction. Experimental 
corroboration of this calculated result is supplied 


8 Space model of the P-T-X diagram for the 
cadmium-zine system 
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by the data of Scheller and Treadwell" on vacuum 
sublimation of cadmium-zinc alloys. These 
authors reported that a vapour containing 1-14 wt. 
% zinc was given off during the initial sublimation 
at 250°C. of an solid-solution alloy containing 
1-51 wt. %, zinc. Their relative concentration 
values are consistent with a periatmic reaction, 
whereas, if the reaction were a cuatmic, the vapour 
would have been richer in zinc than the alloy. 


Determination of liquid-solid-vapour sections 

The most complex P-X sections are in the three- 
state region of the P-7-X diagram, fig. 1, where 
the three two-state equilibria—solid-liquid, liquid- 
vapour, and vapour-solid—interconnect. There 
are two types of section in this region: one type is 
in the range of temperature between the eutectic 
temperature and the melting point of the lower- 
melting component (cadmium); a somewhat less 
complex type of section is in the temperature 
interval between the melting points of the two 
components. It is convenient to begin with a dis- 
cussion of the latter section. 

The section in fig. 6, at 370°C., was calculated 
by a combination of the procedures used for the 
sections of figs. 2 and 5. The curves bounding 
the liquid + vapour region were determined using 
equations (3) and (4). The activity values were 
extrapolated from the experimental data of fig. 3 
using the equation” 


dina, —L, 





dT 


and relative partial molal heat contents, L,, deter- 
mined by Bohl and Hildebrandt.’ The boundaries 
of the vapour + @ region were determined in the 
same way as for the vapour-solid section in fig. 5. 
The intersection of the vaporous curves of the 
liquid vapour and of the vapour % regions 
determined the location of the periatmic reaction 
horizontal. 

The more complex section, fig. 7, which was 
calculated at 295°C., was determined in a manner 
similar to fig. 6. Three vaporous boundaries— 
vapour + 2, vapour + liquid, and vapour + #— 
were determined in this case, and the two inter- 
sections determined the two periatmic reaction 
horizontals. 


RT? 


Constructien of the space model 


The three-dimensional model of the P-7-X 
diagram for the cadmium-zinc system, fig. 8, 
covers a temperature range of 150 to 520°C., and a 
pressure range of 10°* mm. Hg to 760 mm. Hg 
(atmospheric pressure). Therefore the top of the 
space model is the ordinary phase diagram (7-X 
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secuon) at atmospheric pressure, and the same 
T-X section is continued down to the pressure at 
which the three-state region first appears. 

The liquid vapour region of the diagram 
was constructed on the basis of the P-X section 
of fig. 2 for 420°C., and similar sections at 470 and 
520°C, Likewise, the solid vapour region was 
constructed from the section of fig. 5 at 265 C., and 
similar sections at 150 and 210 C. The vapour 
composition on the periatmic reaction horizontal 
approaches pure cadmium at low temperatures, 
and 1s only 0-01 atomic fraction Zn at 150 C. The 
three-state region in the centre of the space model 
was constructed on the basis of figs. 6 and 7. Inde 
pendent data concerning the location of the bounda 
ries of the « liquid and liquid regions was 
also obtained from the ordinary phase diagram, 
and the calculated values were adjusted to agree 
with these data in constructing this portion of the 
space model. 

The space model was built within a frame 
approximately 15 « 22 ~ 22 in. made of } in. balsa 
wood strips. The ordinary phase diagram (at the 
top of the model) and the two one-component 
diagrams for the pure metals (at the two sides of 
the model) were also made of | in. balsa wood 
strips. The remaining P-X sections were made of 
i In. balsa wood, and each assembled section was 
then cemented into the frame. Finally, the various 
phase-boundary surfaces were delineated by being 
covered with transparent cellophane. Cellophane 
of six different colours was used in order to show 
clearly the various phase-boundaries in the space 





The handling of such large sizes during hand 
forging would clearly be impossible by the usual 
method, namely suspension from an overhead crane 


and manipulation by tongs. A mechanical manipu 
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model. Some difficulty was experienced with 
distortion of the thin balsa strips, as can be seen 
in the front and rear planes in fig. 8. 


Summary 

his work has shown that a complete P-7-X dia- 
gram can be calculated from the thermodynamic- 
activity and vapour-pressure data for a binary 
system. In the case of the cadmium-zinc system 
the calculations revealed that a periatmic reaction 
analogous to a peritectic reaction) occurs in the 
vapour-solid equilibrium, even though the liquid- 
solid reaction is a eutectic. 

Ihe authors are grateful to Drs. F. N. Rhines 
and F. J. Dunkerley for their helpful discussions 
of this work. 
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Stock for forgme in the net 
press ts handied by the mechanaca 
mampulator which takes 

the form of a hydraulically 
operated arm mounted on 

a fork-lift truck The machine 
1s of Salem Brosius design 
and 1s made under licence by 


Head Wrightson & Co. Lid 


lator has, therefore, been brought into use, which is 
essenually a hydraulically-operated arm, incorporat- 
ing a means of gripping the stock, mounted on a 
fork-lift truck. 
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4,000-ton 


forging press 


New installation at 
aluminium works 


NORTHERN ALUMINIUM COMPANY’S capacity for the 
production of hand forgings has been greatly in- 
creased by the recent installation at their Birming- 
ham Works of a 4,000-ton direct-acting hydraulic 
press. It is also available for closed-die and no- 
draft forgings and for the pre-working of cast stock 
prior to rolling and extrusion in the company’s 
works at Banbury and Rogerstone. 

The press, by Becker and Van Hullen, was 
originally installed in the Dornier Works, Germany, 
and after the war was confiscated by the Dutch 
Government as war reparations. It was acquired 
by the firm of Van der Heist and Zonen, of The 
Hague, for the pressing of automobile body parts, 
and before installation at Birmingham it has been 
extensively rebuilt according to recommendations 
made by the Loewy Engineering Co Ltd. 

In its original form, the press was too high for 
Northern Aluminium Company’s forging bay, the 
method of retracting the ram being by two cylinders 
mounted at the top of the press; the main alteration 
has, therefore, been the replacement of these by two 
push-back cylinders, so reducing the height to 27 ft. 

The press is fitted with ejector gear which takes 
the form of a 24-in. dia ram housed in a foundation 
17 ft deep. From the bed plate rise the four main 
columns, 16 in, dia, surmounting which is the top 
crosshead. Below this is secured the main ram, 
53 in. dia, on which the main cylinder, with the 
bolster secured to its lower face, moves up and down. 
Because of this principle of operation the main 
cylinder has guides at its top and bottom giving very 
accurate alignment between the upper and lower 
platens. The working space between the columns 
is 7 ft and the press has a stroke of 6 ft, which 
permits 9 ft 1 in. of daylight between top and 
tottom platens. 
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The new hy 


large hand forging 


draulic press in operation for the production of 


Operation 
Operation of the press is by means of a modern 
system of finger-tip control through electro-hy- 
draulic valves with a range of speeds varying from 
0-08 to 0:50 in. sec. This variation in speed is 
achieved by the selective use of 12 Fraser mono- 
radial pumps each driven by a 50-hp motor 
capable of delivering oil to the press at a rate of 
20 gal/min. To lower the cylinder, oil is passed 
into it from a 2,500-gal refill tank under an air 
pressure of about 50 Ib/sq in.; when contact is 
made with the work the prefill valve closes and the 
pumps take over, delivering oi! direct to the press 
The press was originally laid down to increase the 
scope of the hand forgings that could be offered by 
the company, especially for use in the aircraft 
industry, and among those already produced are 
several weighing 1,500 Ib each. However, used in 
conjunction with the 45,000-lb hammer alrcady 
installed, it will also enable the company to offer 
bigger closed-die forgings, up to about 700 Ib in 
weight, and it has already proved its usefulness in 
enabling cast stock to be pre-worked more economi- 
cally, and in bigger sizes, than hitherto. 
continued on facing page 
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NADFS Spring lectures 1958 


No 5 


Hardness testing 


Concluding the synopses of the 1958 series of NA DFS 
Spring lectures for younger members of the industry, 
we reproduce below some of the points made by 
Mr. G. H. Jackson, technical officer, N A D F S, in the 
final lecture given on May 20. Mr. Jackson con- 
sidered the question of ‘ hardness’ in general, pointing 
out that it was not an easy property to define, and 
then explained how, subject to certain difficulties, 
hardness could be measured to within various degrees 
of accuracy 


IF TEN PEOPLE were asked to define ‘ hardness,’ said 
Mr. Jackson, one would get ten different answers. 
Although ‘ softness ’ was just as indefinable, it was 
easier for one to envisage the difference between 
‘softness’ and ‘hardness.’ The two properties 
were relative, in so far as something was harder or 
softer than something else. Differences in softness 
were discernible by touch. For example, a range 
of rubbers of increasing hardness would readily be 
sorted by touch, but a degree would be reached 
when further increase could not be so determined. 
Resistance to indentation had come to be accepted 
in most quarters as a practical if vague criterion of 
hardness. : 


Elasticity and plasticity 


Resistance to indentation, however, had to be 
examined in some detail to obtain a clear conception 
of ‘ hardness.’ Indentation suggested a local de- 
formation as distinct from those properties measur- 
able by compression or tension, in which a com- 
plete mass or section was subjected to the measured 
forces. Such a suggestion of local attack conjured 
up the experienced differences of prodding, say, a 
piece of rubber and a piece of putty. The rubber 


completely recovered after the force was removed, 
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but the putty would retain the impression. Both 
were soft to touch. It was obvious, therefore, 
from this simple illustration that elasticity and elastic 
recovery were both involved. 


There had been much difference of opinion as to 
whether elasticity and elastic recovery were in- 
volved in hardness testing, and whether they should 
be included in any method used. Hertz had sug- 
gested that ‘the hardness of a body was to be 
measured by the normal pressure per unit area 
which must act at the centre of a circular surface 
of pressure in order that in some point of the body 
the stress might just reach the limit consistent with 
perfect elasticity... Meyer, on the other hand, 
declared that ‘ elastic deformation which was so 
small that it could be measured only by means of 
refined methods played no part in forming the 
conception of hardness.’ O’Neill was attracted by 
the method of making measurements on unre- 
covered indentations in which both elastic and 
plastic deformation were incorporated in the test. 
Obviously Hertz’s principle was readily applicable 
to brittle bodies where the elastic limit was easily 
observed by the formation of a crack, but this 
would not be the case in ductile metals. On the 
other hand, it was frequently impossible to produce 
reliable permanent indentations in brittle material. 
Roudie had stated ‘ elasticity and hardness were 
two inseparable manifestations of molecular energy 
which dynamic methods alone could define and 
measure.” 


Static and dynamic tests 


Those differences of opinion, continued Mr. 
Jackson, indicated the complication of indentation 
hardness measurement. Further, the usual methods 
in use today were so called ‘ static tests,’ in which 
for all intents and purposes a time element beyond 
that necessary to establish some sort of stability 
was not considered. But it could be shown that 
hardness could be considerably affected by dynamic 
application of either the indentor or the material to 
be indented. For example, water was undoubtedly 
soft—to the touch—and yet became hard if dived 
into from a great height or at a great speed. Many 
other examples of the dynamic effect could be called 
to mind—the soft buffing wheel of swansdown 
which, when rotated at high speed, became a com- 
pact, hard mass of considerable use in polishing 
hard materials. 


There were many other examples. A simple 
conception of a dynamic test was the measurement 
of hardness by the rebound of a falling indentor. 
The harder the material the higher the rebound. 
Tested by such means, india-rubber would emerge 
as a very hard material while it was, relatively 
speaking, very soft. 
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Mass effect 

There was yet a further complication in the 
hardness test, particularly of heterogeneous ma- 
terials in which there was mass effect. Very few 
materials were absolutely homogeneous and many, 
in fact, were made up of very hard constituents in 
a soft matrix. In such a case, mass hardness was 
generaliy considered by testing a volume of metal 
which was very large when compared with the 
aciual size of individual constituents. Simple 
examples of mass hardness effects could be shown 
by considering the case of many ceramics and 
compacts which were removed easily by a hand 
file in mass, but the file would in turn be scratched 
by the individual particles of alumina or other 
oxide or carbide which were worn away. Therefore, 
the mass hardness of the file was greater than that 
of the ceramic compact, but the particle hardness 
of the compact was greater than that of the file. 
O'Neill had pointed out that the mass hardness of 
a metal at a given temperature might be reported 
as the reaction which it exerted towards local 
indentation, which reaction should be expressed in 
terms which recognized viscosity and elasticity and 
which allowed for the fact that the intensity or 
degree of an indentation might affect the specific 
reaction. It was quite amazing, in view of these 
diverse factors, that a numerical value of any con- 
sistent use for specifying hardness had ever been 
possible. 

It could also be claimed that metallic hardness 
should be considered from at least two other points 
of view, namely, the relative or absolute hardness 
and that of strain hardenability. An indentor came 
to rest in a material when the load acting upon it 
was supported by whatever it was that was opposing 
indentation. It was certain that it was not the 
material itself that was necessarily preventing 
further penetration, but the overstrained, cold 
worked and crushed remains of the original ma- 
terial backed by material that was strained but not 
crushed, that provided a hardness index. The 
unstrained, non-cold-worked material under test 
was not discovered by indentation penetration, 
and in any case it was likely that even if discovered 
it would be of little use. It was not intended to 
delve too deeply into the theories and considerations 
of the various aspects mentioned, but reference to 
them had been made to emphasize the complexity 
of the subject and, in particular, the factors involved 
when comparison and conversion of the results of 
different methods were contemplated. They also 
had a bearing on considerations of the inter- 
relation of other properties of metals when hard- 
ness was to be used as a means of measuring or 
indicating them. 

The objects of the application of a hardness test 
should be clearly understood. The accuracy of a 
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given method or procedure was influenced by 
many factors other than the fundamental con- 
siderations already mentioned. High-order accuracy 
for research work involved the application of many 
precautionary measures and of many correction 
factors. In commercial testing, the objects of the 
investigation or inspection within the requirement 
of commercial output. Despite the fact that some 
accuracy could and often had to be sacrificed to 
meet these conditions, it was still necessary to have 
consistency and reliability by control of obvious 
factors affecting the test. 

Many were the methods that had been investi- 
gated for the production of static indentations to 
give numerical values of hardness. Sphere, cone, 
cylinder and prism had been used as a geometric 
form of indentor by some twenty well-known 
investigators, each of which produced a method 
or equipment which no doubt had a specific pur- 
pose, but many of which had fallen out of everyday 
use. Today the most well-known commercially 
and technically applicable methods were the Brinell, 
the Rockwell and the 136° Diamond. Of these, the 
Rockwell had gained favour principally because of 
the speed at which tests could be made, making a 
larger quantity inspection of vital components 
possible. Brinell was rarely used for the testing of 
materials harder than 450 BHN;; after that, a dia- 
mond as the penetrator was considered essential. 


Precautions necessary to secure consistent 
Brinell results 

The author proceeded to describe with the aid 
of slides the Brinell hardness tester, pointing out 
that some time had been spent on that test because 
of its wide use in the forging industry as a result 
of the range of materials more usually encountered, 
and it was hoped that, by commenting upon some 
of the underlying theories it would emphasize the 
importance of minimizing error by the control of 
as many variables as lay within the hands of the 
operator. The precautions necessary to ensure a 
consistency of results were outlined as follows. 

Wherever possible the surface to be tested should 
be flat, normal to the penetrator and of a good 
surface finish; the sample always be correctly and 
firmly held. The equipment, particularly the load- 
actuating mechanism, should be kept and main- 
tained in first-class order, and the steel ball should 
not be looked upon as an indestructible and non- 
consumable item, but it should be checked or 
changed frequently. 

One should always work to the same time of 
application, preferably 10 sec., and always ensure 
that the site of test was adequately supported by 
sufficient surrounding metal, or was as far away 
from previous Brinell impressions as possible. 

Differences in the appearance of the impression 
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could mean differences between samples and, par- 
ticularly if the same material was being used, a 
change of impression from, say, ridging to sinking, 
was worthy of thought, comment and perhaps 


further investigation as it indicated a change of 


other properties. 


Practical application of the Rockwell test 


To summarize the principle of this operation, 
said Mr. Jackson, the Rockwell hardness number 
was based on the additional depth to which a test 
point or ball was driven by heavy load over and 
beyond that depth with the same penetrator by a 
pre-determined initial load. The major load was 
applied and removed through a dashpot mechanism, 
the hardness number automatically being recorded 
on a dial in terms of depth of penetration under the 
major load and whilst the minor load was still 
beirg applied. Thus, the partial recovery of the 
depth of indentation due to elasticity occurred 
when the major load was removed, but an important 
point not to be overlooked was that because 
measurement was made after removal of the major 
load, no deformation of the fixture or machine was 
included in the reading. The units of Rockwell 
were chosen so that one point of hardness was to a 
depth of only 0-002 mm. and obviously, therefore, 
the depth-measuring system had to be accurate, the 
load properly applied and the friction of the whole 
system reduced to a minimum. 

Many different scales, said Mr. Jackson, were 
available for use in various considerations with the 
Rockwell test, thus making it very versatile in 
application. Of these scales the most well known 
was undoubtedly the ‘C’ scale which utilized a 
diamond cone and, perhaps less frequently, the ‘A’ 
scale with a 60-kg. load and 120° diamond, as 
used for testing cemented carbides and other ex- 
tremely hard materials. 

The Rockwell hardness number was not canable 


of definitions in terms of the fundamental units of 


length, mass and time. Although the loads might 
be defined, the value of each unit of depth also 
defined by such variations as the shape of the 
penetrator, accuracy of loads, depth-measuring 
devices, machined rigidity, method of applying the 
load, lubrication, alignment, dirt and scale between 
working surfaces prevented any translation of 
definition into a specification. A.S.T.M. specifica- 
tions did no more than aim at indicating how to 
use the equipment rather than attempt a definition 
of Rockwell hardness. Unlike the Brinell test 
which was specified by the ball load and the 
diameter, it was only fair to point out that the 
Rockwell was far more complex and was to a much 
greater extent empirical because of many arbitrary 
considerations of design. Nevertheless, the Rock- 
well was in very extensive use today for production 
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testing and, providing those factors known to in- 
fluence the test were controlled and because the 
machines being made today were superb equipment, 
the method had a definite value in production 
control. 

Surface preparation such as producing a flat as 
in the case of Brinell was less necessary in the case 
of Rockwell. This was of a very great attraction 
where thinly case-hardened articles were under 
test or where some surface condition was being 
investigated. 

Mr. Jackson concluded that Rockwell testing 
was at its best on hardened materials and had an 
approximate line of demarcation, one would say 
where the Brinell tended to lose its accuracy. 


136 diamond penetrator test 


Discussing the 136 diamond pyramid hardness 
method, Mr. Jackson said that this followed the 
Brinell principle in so far that a definite shaped 
indentor was passed into the surface under test 
with a suitable load, after which diagonals instead 
of a diameter were measured and the hardness 
number calculated by dividing the load by the 
surface area of the indentation. 

The indentor was always made of diamond and 
was in the form of a pyramid with a between-face 
angle of 136. The loads applicable to the method 
in the case of the Vickers machine, first introduced 
in 1925 by Smith and Sandland, varied from 1 to 
120 kg. with a standard range of some six or seven 
fixed loads. The Vickers method of hardness 
testing had always been considered as a standard 
method of precision testing and as such had in 
many instances been confined to the laboratory 
rather than the production, although many machines 
utilizing the pyramid impression had been pro- 
duced for direct reading of production work. 

The apparatus for testing by this method had to 
be designed to apply a steady load without any 
impact and in which friction of all moving parts 
had to be reduced to an absolute minimum so that 
the actual load on the penetrator was correct to 
less than 1° The test was again essentially a 
Static test and it was required by the relevant B.S. 
Specification that the load be applied for 15 sec. 
Wherever possible the applied load had to be as 
large as possible, taking into consideration dimen- 
sions of the test piece and its ultimate hardness in 
order to assist measurement of the diagonals 
which was carried out with an ocular micrometer. 
The reading was in microns. Such a measuring 
device must, according to B.S.427, measure to 

0-001 mm. 

Various instruments utilizing the Vickers prin- 
ciple were available today, including the Tukon 
tester manufactured in the U.S.A. and the Firth 

continued on page 32 
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Pyrophoricism in metals 


Some problems of spontaneous ignition 


HENRY ALLEN 


Although regulations have been laid down to obviate the risk of fire hazards in 
most spheres of metal working, one form of fire hazard requires further study. 
This hazard, pyrophoricism, or spontaneous ignition, is particularly acute with the 


newer metals and their alloys. 


Mr. Allen, who is manager of industrial relations, 


British Divisions, The Yale & Towne Manufacturing Co., considers the problem 
and some of the preventative measures which are being evolved 


THAT METALWORKING involves fire and explosion 
hazards is amply recognized in the considerable 
blanket of statutory obligations and other safety 
techniques that comprehensively cover processing, 
storage and handling of metals of all kinds, but 
there remains a sphere of accident causation and 
consequent accident prevention coding that needs 
to be more thoroughly explored. Ignitions and 
explosions occur spontaneously—and experience is 
now indicating that the newer metals and their 
alloys have a higher degree of pyrophoricity than 
the known traditional ones. Pyrophoricity—a new 
word to describe the tendency of metals spon- 
taneously to ignite—is in fact coming under critical 
study as the applications of the metals multiply, as 
processes become more intricate and, consequently, 
as the need for tightening up safety precautions 
grows. 


Causes of pyrophoricity 

Certain facts have been established. One of the 
chief causes of spontaneous ignition in metals is 
the exposure of a large amount of surface to oxida- 
tion in air with consequent evolution of heat. 
Particle size is a key factor. As an example, 
zirconium reduced to fine powder where the average 
particle is 3 microns is highly pyrophoric, but in 
structural form the metal can withstand tempera- 
tures above 3,000°F. without igniting, and zir- 
conium powder where particles are 12-micron size 
does not ignite at red heat. Similarly, uranium 
powder will spontaneously ignite at room tem- 
perature if it is blown into the air in a cloud. 

Some metal powders have also been shown to be 
pyrophoric in carbon dioxide and in nitrogen and 
there is clear evidence that reaction with water is 
a notable factor in spontaneous ignition. In the 


problem of water reaction there are two elements 
that have to be separately considered. There is 
the reaction that arises when the metal is exposed 
to room temperature and there is that which 
follows when water contacts molten or hot metal. 
The latter is a more familiar causative, and an acci- 
dent potential that standard safety codes have 
amply covered. 

The alkali metals figure prominently in the first 
context. Substances like potassium, sodium, lithium 
and so on oxidize rapidly in air and have very 
sharp reactions with water. Explosions and fires 
that have occurred—and they are lamentably 
frequent—with magnesium, Utanium, thorium— 
in the course of processing and handling have 
shown pyrophoric heating and subsequent ignition 
sometimes when there is no external source of heat. 
It is essential that storage and handling under 
some non-reactive liquid or gas be established as 
the safe working rule, for the alkali metals in the 
pyrophoric group. Potassium is quite safe under 
inert gas protection; lithium under an oxygen-free 
liquid such as toluene; and sodium under kerosene 
or naphtha. Inert gases such as argon and helium 
will effectively control the hazard of ignition in 
such metals as zirconium and titanium during 
processing at high temperatures. 

Sometimes spontaneous ignition occurs under 
special circumstances. It has been observed, for 
instance, that if magnesium or zinc die-castings are 
immersed for a prolonged period in chromic acid 
solution, an ignition risk arises. It is recom- 
mended that magnesium die-castings be washed 
immediately on removal from the solution in cold 
water, afterwards being coated with a mineral oil, 
and that zinc castings be dipped in a diluted solu- 
tion of trisodium phosphate which will have the 
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effect of removing the chromatic film. The theory 
is that the prolonged immersion in the chrome 
creates a finely divided condition and that with 
magnesium die-castings, for instance, a precipitate 
is formed, such as a magnesium aluminium com- 
pound in fine particle form. When dried in air 
the powdery film becomes highly pyrophoric. 

In the study of pyrophoricity, a fruitful field for 
inquiry is with the hazardous combinations of 
metals, though here again the standard practice of 
safety has already covered the position pretty 
thoroughly. But there remain some hazardous 
combinations which are still being discovered, 
often in circumstances that involve a dangerous 
experience. Individuals find out more or less by 
chance and not always under laboratory conditions 
that, to take an illustrative case, methyl chloride in 
contact with aluminium can form spontaneously 
combustible aluminium methyl. 


Preventative measures 

Control techniques are gradually being evolved. 
It is now held, for instance, that boron trifluoride 
is highly effective for the control of fire risk in 
heat-treatment furnaces using magnesium. It is 
taking the place of boron trichloride gas. There 
has also been much useful research into the control 
of aluminium-water explosions. Some research 
specialists believe that coating containers into which 
the molten metal is put, with such a substance as 
black mastic paint, will do much to obviate the 
risk of the explosion of molten aluminium in water. 

Another point that has to be mentioned is the 
problem of sludge disposal wh@n the pyrophoric 
metals are machined or polished, the dust being 
collected in a precipitation-type separator. There 
arises the hazard in such a set up of reaction be- 
tween the metal dust, the liquid of the collector 
and the coolant. About the only effective safety 
code for this particular problem is the meticulous 
removal at the end of every workshift or day of the 
sludge, and its subsequent destruction or alteration 
into a non-combustible state by treatment with, for 
instance, ferrous chloride. 

It is becoming apparent that spontaneous com- 
bustion in metals is a bigger problem from the safe- 
working angle than had first been realized, but the 
amount of research and experiment now in hand 
holds good promise soon to illuminate this difficult 
matter. One of the avenues of inquiry is into the 
control techniques to be followed if, despite safe- 
working codes, a fire or explosion occurs. Here 
the best source of advice is undoubtedly the local 
chief fire prevention officer, who will detail the 
complicated control systems. Fire extinguishment 


is a subject for specialist direction and every plant 
should document the techniques to be followed 
and train personnel in their use. 


Potassium fires, 
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for instance, can be swiftly aggravated if the wrong 
extinguisher is used; carbon dioxide can form an 
explosive compound if used on a potassium fire, and 
similarly foam, soda acid and carbon tetrachloride 
must never be used with sodium. All such im- 
portant points will be fully detailed by the fire 
prevention authorities. 

There are still many unknown factors both in the 
causes of pyrophoricity in metals and in its control, 
but enough research results are now coming through 
to give promise that it is simply a matter of a rela- 
tively short time before this aspect of metalworking 
in safety is thoroughly reviewed. Meanwhile, it is 
the task of the executive responsible for accident- 
free working to note current research findings. 


Hardness testing 
concluded from page 30 


Hardometer. In the case of Firth Hardometer the 
load was applied throu zh specially calibrated spiral 
springs and incorporates a suitable trip mechanism 
to prevent overloading. The machine was more 
of a workshop model than the Vickers, the load 
could either be fixed at 10, 30 or 120 kg., or variable 
loads from 2 to 40 kg. were available. The same 
phenomenon of ridging and sinking was observed 
in this test, as was quoted under Brinell testing, 
but it was made noticeable by a bulge effect, 
concave or convex, to the sides of the square 
impression. As in the case of the Vickers machine 
hardness values were obtained from a definite 
readable unit, 7.e. 0-001 mm. 

It was obviously essential, said Mr. Jackson, in 
the case of the 136 diamond pyramid hardness to 
have properly prepared surfaces, although, because 
of the very slight depth of penetration, flat surfaces 
were not necessary. To obtain the accuracy that 
the machine was capable of giving it was essential 
that the Vickers impression should be very clearly 
defined to enable measurements to be taken and, 
as mentioned under Rockwell testing, correct posi- 
tioning, correct mounting, cleanliness, care of the 
diamond, the machine and frequent calibration of 
the ocular micrometer was essential if consistency 
was to be maintained. 


Noise in industry 

The new ‘ Foundry Noise Manual,’ published by the 
American Foundrymen’s Society, Des Plaines, Illinois, 
U.S.A. ($4.75), has direct application to the noise prob- 
lems confronting general industry. A comprehensive 
reference, it explains in easy-to-understand terms the 
scientific principles involved in noise control. It de- 
scribes the effects of noise on hearing and offers practical 
solutions for common noise problems. 

The material is intended to provide management with 
information to meet industrial requirements, for adequate 
protection of employees while on the job, and for safe- 
guarding company interests in relation to job placement. 
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THE CONTINUOUS CASTING machine at Barrow Steel 
Works Ltd., where experiments in the continuous 
casting of steel have been in progress since 1952, 
has been modified so that twin-strand continuous 
casting of billets and small slabs is now possible. 

The modified machine, which has double the 
capacity of the former unit and is equipped with 
automatic control, operates at speeds of between 
220 and 360 in./min. when casting 2-in. square 
billets—at least twice as fast as any other known 
continuous casting plant. Normal performance 
with billets of this size is a production rate of 
15 tons/h. Despite these high casting speeds, the 
machine is only about 29 ft. tall to the top of the 
mould, the latter being 32 in. long. 


Electric-arc furnace 


Continuous casting 
Twin-strand machine for steel 


The twin-strand continuous casting plant at 
Barrow Steel Works showing steel billets 
berng cut to length 


lengths of up to 150 ft. have been obtained, though 
30-ft. billets or shorter are standard practice. 

Automatic control devices are employed to stabi- 
lize the level of the liquid metal in the mould 
during casting. This leads to greater reliability in 
operation as the entire production sequence pro- 
ceeds automatically from the moment when casting 
begins; it also aids uniformity and consistency in 
the finished product. By giving greater flexibility, 
the twin-stranding arrangements ensure greater reli- 
ability and little or no loss of yield. Because of 
the close temperature control exercised, casting 
times may last up to 1} hours; longer casting 
periods are feasible and for a 7}-ton cast have been 
extended to two hours without. adverse effects on 
the steel. 





Hot metal for the process is supplied from a Good quality billets 

7}-ton capacity electric-arc furnace, which is The twin-strand plant at Barrow is designed to 

, tapped into a preheated ladle of the same capacity. produce billets from 2 in. to 4 in. square and slabs 
Steel is teemed from the ladle into two separate up to 12 in. by 4 in. Much of the experience 

. tundishes simultaneously, a small transverse launder gained so far has been in the range of carbon steels 

: being used to divide the metal supply. The tun- containing between 0-05 and 0-85", C. For these 

7 dishes, like the ladle, are preheated and fired during steels, the average yield of commercially sound 

, casting by means of specially developed oil burners. material runs between 98 and 99°,,. Equally good 
An anti-swirl nozzle of Barrow design fitted to the yields have been obtained with low-alloy steels, 
bottom of each tundish ensures an even and steady including silico-manganese spring steel and high- 
flow of metal into the mould. sulphur free-cutting steel, and stainless steels. 

: On emerging from the reciprocating copper In subsequent rolling and forging processes, con- 

» = mould, the billet passes through a series of water tinuously-cast billets and slabs have shown physical 

- | sprays and is solidified before it reaches the with- properties fully comparable with those produced 

- || drawal rolls. At the base of either strand there is by conventional methods. 

- | a Single pair of rolls actuated by a power cylinder niente inicinemioniibiiietienidsiahal 

! | which bends the billet in order to discharge it , ‘ . 

. horizontally on to a roller path, where it is proms ee qr oi ai eet cat 

¢ straightened under its own weigh t and then cut wag te hn Heat Co. Ltd. Incanite is a ports 


to length. The extent of the cooling bank facilities 
available determines the length of the billet; 


lurgically-controlled high-duty cast iron produced in 
four basic grades. 
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Progress in 


welding research 


Uhe last annual report of the British Welding Research 
Association announced the transfer to Abington of the 
metallurgical laboratories and staff in September, 1956 
The annual report for 1957-58 points out that during the 
year, which 1s the first full year during which all the Asso- 
ciation’s researches have been carried out at Abington, the 
process of 
smoothly and can now be considered complete 


and continued 
The expecta- 


tion that the transfer of the metallurgical laboratories to 


amalgamation integration has 


tbington would facilitate collaboration among the staff has 
been more than justified by results in the past year. The 
recent report outlines some of the research work covering 
and non-ferrous metals research 


ferrous and engineering 


Some extracts from the report are given belou 


Ferrous research 


Welding of low-alloy In previous work on the 
welding of low-alloy steels it has been difficult to examine 
the effect of hydrogen by continuous variation over a 
range. Using covered electrodes, either relatively high 
or reasonably low hydrogen contents can be obtained 
but it is not easy to obtain intermediate values. Accord 
ingly, work is proceeding to develop a technique for the 
controlled introduction of hydrogen. Inert-gas shielded 
metal-arc welding with a bare wire is being used, and 
hydrogen is being introduced either in the gaseous form 
or as water vapour. Useful information has already been 
obtained, and it will soon be possible to standardize the 
technique, so that the amount of hydrogen introduced 
into the weld metal will be completely under the control 
of the experimenter 


Stéeis 


Cracking in welded gas mains In 1945 the first welded 
gas mains began to show cracks, most mains up to then 
having been riveted. Laboratory research at Cambridge 
and Durham Universities was carried out to simulate 
stress-corrosion cracking by the use of laboratory-made 
gas liquors, and it was eventually shown that this cracking 
could arise from solutions containing NH, and HCN 
together with CO, and H,S alone or together. Both the 
laboratory work using the synthetic gas liquors, and a 
survey of gas plants made by the committee (PFM.9 
were completed in 1956, Work then outstanding was 
concerned mainly with the possibility of a local low- 
temperature (Linde stress-relieving treatment of welded 
gas mains. Residual stresses caused by welding were 
shown to be the cause of the cracks which started in the 
heut-affected zone and not in the weld. The effective 
ness of mild stress relief (450 C, to 500 C, tor one hour 
in preventing this stress-corrosion cracking has now been 
stablished, and a main at Oldham, stress relieved in this 
way, after eight years’ service showed no sign of grain 
boundary attack. The mild relief lowers the 
residual stresses to a safe level 


stress 


Crackine of alloy steel weld metal Investigations on 
the conditions for cracking of alloy steel weld metals 


have recently been completed, under a contract from the 
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Ministry of Supply, with the aim of specifying conditions 
which would ensure freedom from cracks. The cracking 
experienced in weld metal can be divided into two types, 
namely, hot cracking, which occurs at temperatures 
between 1,000°C, and the solidus, and cold cracking, 
which occurs at much lower temperatures, probably less 
than 200°C. From this work it was concluded that it 
was not practicable to specify a test for determining the 
liability to hot cracking of a given combination of elec- 
trode and parent plate. 


As an alternative, it was proposed that limits should 
be specified for the composition of the weld metal. It 
was further noted that the conditions for hot cracking 
were not related to those for heat-affected zone cracking, 
and therefore conditions ensuring freedom from the 
latter would not necessarily guarantee that hot cracking 
would not occur. Similarly, with regard to cold cracking 
in the weld metal, it was found that it was not possible 
always to assume that conditions giving safety from heat- 
affected zone cracking would not lead to the formation 
of cold weld metal fissur \ simple test has been 
developed for assessir iency to produce fissures 
in cold weld metal 


Austenitic staw ror some years fissuring 
and hot cracking | known to occur if fully 
austenitic weld n ised for joints in austenitic 
stainless steel piy ! pressure vessels. Special 
electrodes have been used to deposit a weld 
metal containing d controlled amount of ferrite, 


but this has nor 
ing also occurs 
ments. An inv 
in November 


vented these defects. Crack 
it-affected zone of heavy weld- 
was started by the Association 
n the committee first met, to 


investigate ma Cr-12",, Ni-1 Nb steels, and 
to a lesser ext Cr-20°,, Ni heat-resisting steels 


Its purpose 
fissuring both 
weld metal 
apparatus is | 
the temperatur 
first step towa 
cracking and h 


igate the causes of cracking and 
uc parent metal and in austenitic 
rature has been surveyed, and 
pared which is expected to show 
ich cracking occurs. This is the 
covering the mechanism of the 
table methods of preventing it 


Non-ferrous research 


High-strength heat-treatable aluminium alloys Several 
years ago the Association began investigating the diffi- 
culties of welding high-strength aluminium alloys of the 
Al-Cu-Mg type such as H 15, and of the Al-Zn-Mg 
type such as DTD 683. Both types have in the past 
suffered from weld cracking because suitable filler material 
has not been available. A satisfactory technique for 
welding them would be useful both in structural work 
and to replace forging or casting by welding, and in 
certain applications this is now possible. The director's 
report of 1955-56 mentioned a filler composition (7°,, Cu, 
3°,, Si, 0-8"), Mg) was found to be suitable for welding 
alloys of H 15 type. The properties of butt joints made 
with commercially prepared filler wire of this type on 
parent plate of low gas content have been compre- 
hensively reviewed. Argon arc butt welds have been 
made in 12-gauge and in }-in. thick HS 15 WP and 
HC 15 WP alloys, and self-adjusting are butt welds have 
been made in the same materials in }-in. and }-in. thick- 
nesses. Further work has been carried out on filler 
materials for welding Al-Zn-Mg alloys of DTD 683 type, 
using compositions similar to the parent metal, but with 
additions of silicon. 


Copper Three aspects of the gas-shielded arc welding 


of copper are being investigated: the argon-arc welding 
of thin gauge deoxidized copper without filler alloy, the 
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problems in welding tough-pitch high-conductivity 
copper, and the transfer of metal in gas-shielded metal-arc 
welding. Porosity in argon-arc welded 18 s.w.g. phos- 
phorus-deoxidized copper is due to insufficient residual 
deoxidant in the parent metal for deoxidizing the weld 
pool, and for this reason filler metals contain powerful 
deoxidants. The effects of process conditions, paste 
fluxes and gaseous deoxidants are being investigated. 
The use of zinc-deoxidized copper (cap copper) as an 
alternative to phosphorus-deoxidized copper has been 
suggested, and preliminary results are encouraging. If 
the process were successful, welding could be used for 
the economical manufacture of water tanks and heat 
xchangers. 


Titanium alloys Titanium is potentially a most useful 
metal in spite of its high price, because it has high cor- 
rosion resistance and low density (4:5 compared with 
7°8 for steel). The yield point of the commercially 

ure metal is 50°, higher than mild steel, though its 

oung’s modulus is only half that of steel. The Asso- 
ciation’s main investigations are into (1) the metallurgical 
and mechanical properties of fusion welds in commercial 
alloys, (2) the design of manual nozzles for making uncon- 
taminated welds in air using the self-adjusting arc and 
tungsten arc processes, and (3) the effect of oxygen and 
nitrogen on weld properties. A chamber has been 
designed and built at Abington for making welds without 
contamination in high purity argon, and in atmospheres 
containing deliberate additions of oxygen and nitrogen. 
This experience allows estimates to be made of the levels 
of contamination that can be tolerated and also enables 
the properties of welds made in air to be assessed with 
some certainty. The effects of nozzle diameter, nozzle- 
to-work distance and argon flow rate on gas coverage have 
been investigated for round nozzles, and the information 
gained has been used to design a compact nozzle for 
making welds free from contamination, in sheet thick- 
nesses up to 14 s.w.g. 


The mechanical properties of butt welds in com- 
mercially pure titanium (1.C.1I.-130) in the alpha allow 
Ti-5%, Al-2)°, Sn and in the alpha/beta alloy Ti-6», 


Al-4°,, V have been determined. High joint-strength 
efficiencies (85-100°,,) were obtained for all three 
materials, whilst the ductility of unalloyed titanium 


welds was about 75°,, that of the parent sheet, the alpha 
alloy reaching 50-87°,, and the alpha, beta alloy 41-82°,,. 
A micro vacuum-fusion gas analysis unit has been built 
for estimating oxygen and nitrogen in titanium and 
zirconium. 


Zirconium alloys .The second reactive metal now 
being studied is zirconium which, because of its low 
neutron absorption and excellent corrosion resistance in 
water at 325°C., is useful for nuclear power generation. 
Work now under way includes an investigation into the 
effect of welding variables on the corrosion of fusion 
welds in Zircaloy 2 and into the welding of Zircaloy 2 
plate in thicknesses up to } in. by the self-adjusting arc 
and tungsten arc processes. Normally, fusion welds are 
made in a closed chamber containing high-purity argon, 
but to assess the effects of surface contamination on cor- 
rosion resistance some welds are made in air using 
specially designed nozzles. Equipment designed to 
measure accurately the weiding variables has been made 
for the programme on the self-adjusting arc. 


Cold pressure welding Investigations at Durham Uni- 
versity, continuing earlier work on cold pressure welding, 
also sponsored by the Association, have shown in the 
past year that annealing increases the strength of cold 
pressure welds in copper and S.A.P. sheet and lowers 
their strength in pure aluminium sheet. The three 
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materials were super purity aluminium, oxygen-free high- 
conductivity copper and SAP. sheet cold-rolled to stri 

0-05-0-10 in. thick. Before the strips were welded, 
they were pickled, dried, degreased and scratch-brushed. 
Immediately after scratch-brushing two strips were 
welded together by rolling, giving decreases in thickness 
of 40-70°,, for aluminium and S.A.P. sheet and 60-80°, 
for copper. The examination of welded specimens heat- 
treated for periods of up to 500 h. at 600°C. showed 
that the strengthening of copper and S.A.P. welds was 
probably due to recrystallization across the interfac> at 
any metal-to-metal contact. 


Engineering research 

Effect of defects in mild steel butt welds There has 
been no ordered research in Britain into the influence of 
defects in welds, and the Association has been making, 
since 1952, the first comprehensive British attempt to 
investigate the fatigue strength of mild steel butt welds. 
Since cracks or lack of penetration seriously lower the 
fatigue strength of welds, all highly stressed welds con- 
taining them are rejected. Porosity and slag inclusions 
lower weld strength less seriously, and it is therefore less 
easy to decide whether they should be condemned. To 
determine their levels of acceptability, investigation of 
these defects is therefore the first priority, 

A series of check tests has confirmed that the fatigue 
strength of good quality transverse butt welds is largely 
dominated by the shape of the weld reinforcement. In 
order to do this, manually and automatically welded 
joints with the external reinforcement cither left on, or 
machined off, have been tested. These tests have shown 
that while there may be significant variations in the fatigue 
strength of joints made by different processes when 
tested ‘ as-welded,’ the basic strength obtained when the 
reinforcement is removed by machining always reaches 
the strength of the unwelded mild steel plate. As a 
further check that this general result is attributable to 
the shape of the discontinuity at the edge of the weld 
reinforcement, tests were also carried out on two auto 
matically welded joints in which an attempt was made | 
improve upon initially determined strength values of 
7 and 8 tons/sq.in. at 2,000,000 cycles by controlling the 
shape of the reinforcement, but still testing in the ‘ as- 
welded’ condition. From these experiments the corre- 
sponding strength values obtained were 11 and 10 
tons /sq.in., representing absolute values equivalent to the 
best performance of manually welded joints, and increases 
of 57°,, and 25°,, respectively. Evidence has also been 
collected on the influence of stress-relieving (650°C. 
treatment) the specimens before fatigue testing. In this 
case tests were carried out on four groups of specimens 
which were directly comparable, except for the stress 
relieving of two of the groups. For these specimens the 
650°C, treatment in no way modified fatigue strength. 


Shafts reclaimed by welding Highly stressed shafts 
repaired by metal-arc welding are unlikely to recover 
their original strengths even if great care is taken, using 
pre-heating, post-heating and a correct electrode. The 
fatigue behaviour of reclaimed ferritic steel shafts is 
therefore being investigated so as to define optimum 
reclamation procedures for dynamically stressed shafts. 
The approach, initially, has been to carry out fatigue 
tests on 2-in. dia. mild steel shafts by means of a resonance 
technique giving a stress system similar to that obtained 
in rotating bending. The shaft specimens contain a 
zone reclaimed by metal-arc welding, the surface deposit 
being machined. The welding variables included pre- 
heating and post-heating (stress relieving and normalizing). 

In order to make the fullest use of available shaft 


continued on page % 
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Steel castings research 


In accordance with usual practice the Fifth Annual Report 

1958) of the British Steel Castings Association contains a 
section reviewing progress in current research. This covers 
teelmaking, foundry processes and moulding materials, 
metallurgy and industrial health. The following extracts 
are taken from the report 


Oxygen injection in basic arc furnaces The programme 
of work to assess the effect of the variables: initial carbon 
level, metalloid content, temperature, injection rate, slag 
composition, etc., previously carried out in member 
foundries is now being carried out in the Association’s 
graphite resistor rod furnace under conditions of more 
stringent control than was possible in production fur- 
naces. Over 100 heats of steel have been made at the 
research station during the past year. A comparison of 
results between production furnaces and the Association’s 
furnace has shown that the values of oxygen utilization 
measured in terms of points of carbon removed per cubic 
foot of oxygen per ton of steel and the overall efficiency 
measured in terms of ‘ cumulative potential ’ were equally 
applicable in all cases. There is thus no scale effect to 
be considered in the application of the data obtained in 
the resistor rod furnace to production furnaces. 

The carbon control chart previously constructed from 
the oxygen survey made in member foundries has now 
been reconstructed on the basis of the more accurate 
data obtained from the resitor rod furnace. This chart 
is applicable to a bath temperature of 1,600°C. prior to 
the injection of oxygen. The scope of the chart is being 
extended to take account of different initial temperature 
levels and the effect of the silicon and manganese content 
of the bath at the commencement of oxygen injection. 
This work is being combined with a quantitative study 
of the relationship between fume evolution and the con- 
ditions of oxygen injection. 


Shell moulding A comprehensive investigation has 
been made of the effect of various resins, moulding 
materials and inorganic additives on the surface quality 
of shell moulded low-carbon steel castings, which fre- 
quently show a defective surface finish when cast in 
normal silica sand-resin mixtures. The test casting used 
for this work incorporated sections of } in., 4 in. and 1 in. 
thickness. Ten different resins were tested, but all 
produced defective surfaces. Additions of manganese 
dioxide, calcium carbonate and lead dioxide, which have 
been claimed to produce improvement, were relatively 
ineffective except in the thinner casting sections where a 
slight improvement was noted. Resin-bonded zircon 
sand with an addition of manganese dioxide produced a 
definite improvement in surface quality, but the best 
results were obtained with resin-bonded olivine sand 
with or without an addition of manganese dioxide. 

The use of inorganic instead of resin binders has also 
been investigated. Thermally-hardened sodium-silicate 
bonded shells had adequate strength and produced defect- 
free castings, but a considerable amount of mould dis- 
tortion occurred on thicker sections due to the rapid 
softening and melting of the silicate bond when molten 
steel entered the mould. The use of aluminium phos- 
phate as a bond was also explored, but was rejected due 
to the large amounts required to produce a sufficiently 
strong shell. 


Measurements of the carbon pick-up at the surface of 
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austenitic steel castings in resin-bonded silica sand shell 
moulds showed that this was reduced by approximately 
50°. by an addition to the sand of manganese dioxide. 


Microporosity in steel castings The object of this work 
has been to discover to what extent finely dispersed 
microporosity in steel castings was due to micro-shrinkage 
and to what extent it was due to the evolution of gas, 


both occurring in the last stages of solidification. An 
examination has been made of severa! keel block castings 
made from air melted carbon stec! in comparison with 


the same tem- 
uld but melted in 
i poured under a 


castings of the same composition cast 
perature and into the same type of 
pure hydrogen, thoroughly dega 
low pressure of argon. 

The incidence of micropor 
semi-microradiography of thin 
ings and by measurements of 
miniature tensile test pieces 
in the casting. Although th 
vacuum degassed steel was cor 
of the air-melted steels, the ten 
treated steel was only very sligh 
that of the air-melted steel. S 
revealed that even the vacuum 
not free from microporosity a: 
from this work that micro-shr 
influence on the incidence of mi 
evolution. For this reason wor s project has been 
re-orientated and a closer stud: made of the effect 
of feeding during solidificat: the incidence of 
microporosity. 


determined by 

it from the cast- 
and ductility of 
uitable locations 
density of the 
higher than that 
ty of the vacuum- 
r on average than 
roradiography has 
teel castings are 
is been concluded 
xercises a greater 
rosity than does gas 


Magnetic properties of cast {easurements have 
been made of the effects o! uantities of nickel, 
chromium, molybdenum, in, and lead, and 
larger quantities of mangan< magnetic properties 
of cast 0-1°,, carbon stee! ral, the addition of 
all these elements, except mpairs the magnetic 
properties. Copper in qu: p to 0-35°%, has vir- 
tually no effect. Some evi is been obtained that 
the gas content may have :« nt effect on the mag- 
netic properties and a furt! tigation is in hand on 
this point. The effect of juantities of carbide- 
forming elements, e.g. tita nd zirconium, is also 
under examination. 


Progress in welding research 
concluded from page 35 


material with a known mill history, composite specimens 
are being made up. These consist of 5}-ft. lengths of 
shaft in which the middle third is the test material, the 
two outer lengths being joined by flash welding. The 
method of depositing the surface layer of weld metal in 
the zone to be reclaimed is based on the open spiral 
technique which is known to keep distortion to a minimum. 
To overcome the difficulty of maintaining a uniform 
pitch in the spiral, a simple mechanism has been devised 
to provide the correct speed of electrode traverse while 
the shaft is rotated. 


Nozzles in pressure vessels Steadily advancing boiler 
and vessel operating conditions, and the demands of the 
nuclear power industry, are forcing boilermakers to build 
for higher pressures, temperatures and capacities than 
were previously thought possible. The disadvantages 
inherent in the making of thick steel plate, the desire to 
achieve economies by using higher stress conditions and 
the risks from possible failure, combine to give a high 
priority to the Association’s work on pressure vessels. 











january, 1959 37 


NEWS 


Future trends in welding 


[HE FUTURE EXPANSION of the welding industry was dis- 
sussed by Mr. John Strong, Chief Executive Director of 
British Oxygen Gases Ltd., in his presidential address to 
he Institute of Welding recently. 

Mr. Strong said that a very wide range of arc-welding 
xrocesses were already available to industry, some having 
neen evolved quite independently of each other. If 
welding was to expand, must there be new editions to 
his wide range or could an amalgamation of some or 
ill of the processes now be achieved ? 

This aspect of welding development had been given 
nuch attention in recent years and he believed the time 
was coming when there could and would be considerable 
simplification. Examples of what had already been done 
lay in the use of CO, shielding with an automatic flux- 
covered electrode, the use of gas shielding with magnetic 
flux, and the automatic flux-covered electrode working 
under a fused submerged arc flux 

This tendency needed to be pressed home. Perhaps, 
in time, instead of a dozen processes each possessing 
individual advantages over the others, we would have 
three or four. This would at once permit further 
rationalization of automatic welding-head designs and a 
greater standardization of electrical power supply equip- 
ment. It was possible to see this coming now in the 
automatic and semi-automatic welding heads which would 
cater for four or more of the current processes, and a 
similar trend was appearing in the various forms of 
electric power supply. Handling gear, including jigs and 
manipulators, was being steadily rationalized and stan- 
dardized in design while covering a wider field than 
ever before. 

In automatic welding also, Mr. Strong considered that 
we would see more and more of the complete welding 
installation and the complete machine. It was possible 
that equipment would become more intricate in itself in 
order to have a more universal and simplified application 

The scientists of the future might find a totally new 
way of imparting welding heat, perhaps through the 
direct application of nuclear energy. We were not con- 


cerned with this aspect at the present time, however, and 
had now reached a stage, no doubt a temporary one, 





metal treatment 
and Drop Forging 


when consolidation was perhaps the most important factor 
to be borne in mind. 


Wild-Barfield furnaces for Holland 


For production gas carburizing and carbonitriding of 
components, the heat-treatment department of Van 
Doorne’s Automobielfabrick N.V. ordered three gas 
carburizing furnaces to supplement those already supplied 
and a large shaker hearth equioment from Wild-Barfield 
Electric Furnaces Ltd., of Watford. Recently the equip- 
ment left Elecfurn Works for Eindhoven, where it will 
join other Wild-Barfield furnaces at the DAF Works. 


Flame descaling in tube production 


The tube works of Stewarts & Lloyds Ltd at Coatbridge 
was recently faced with the problem of removing mill- 
scale before the seam-welding of steel tube could be 
carried out. The importance of cleanliness in the weld 
meant that a descaling operation had to be introduced. 
British Oxygen Gases Ltd supplied special flame cleaning 
equipment which was fitted to the slitter beam of the tube 
forming and welding machine. This equipment com- 
prises a 2-in. flat nozzle directed on the outside of the 
tube and a 3-in. flat nozzle directed on the inside. 


Driven by friction rolls, the tube, already shaped for 
welding, passes at a constant speed through the machine. 
A pair of edge-forming rolls ‘ tighten’ the shave of the 
tube which then passes between th: two descaling heads. 
These are poised so that both sides of the nm seam, 
along which the welding takes place, are cublected to 
sudden intense heat. This causes fairly violent differential 
expansion and contraction over an area of } in. on each 
side of the plate, thus cracking off th: heavy scale. The 
tube then moves on between two further pairs of friction- 
driven rolls and a mechanically-driven wire brush ensures 
the removal of all final traces of scale. The tube then 
enters the welding zone of the machine where the edges 
are fused by the submerged arc process. 


This method has proved reliable and simple to operate, 
and the equipment was rapidly installed at a fraction of 
the cost of shot-blasting equipment. Tubes up to 27 ft 
in length, 18-50 in. dia and }-§-in. wall thickness can be 
dealt with. 


Close-up of the flame descaling 
process with a tube just beginning 
The pipes 


feeding the nozzles are made of 


the descaling run. 


Monel and the lower one is asbestos 
covered. The tube moves from 
left to right 
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Europe’s first beryllium plant 


Imperial Chemical Industries Ltd, Metals Division, is to 
establish the first plant in Europe for the production of 
wrought beryllium. The plant is designed o produce 
semi-fabricated forms of the metal, such as rod, tube and 
plate, and finished machined parts. Its first task will be 
the execution of a production scale contract p aced with 
ICI by the U K Atomic Energy Authority (industrial 
Group) as part of a nuclear development project. Sub- 
sequent spare capacity may find additional outlets for this 
unusual metal, as for example in the aircraft industry. 


Interest in beryllium as a nuclear engineering material 
has been intensified by the need for a metal which will 
perfcrm satisfactorily in the higher operating tempera- 
tures envisaged in gas-cooled reactors. For the present 
programme of British reactors, operating at tempera- 
tures up to about 470°C, special magnesium alloy materials 
are used for sheathing the nuclear fuel. For the higher 
temperatures needed to obtain increased thermal effi- 
ciency, materials with greater strength at these tem- 
peratures must be used and the most promising of these 
is beryllium. 

This metal, which has a melting point of 1,280°C, is 
light in weight, has good mechanical properties and good 
corrosion resistance to carbon dioxide at elevated tem- 
peratures. In addition, beryllium has by far the lowest 
neutron absorption cross-section of any of the possible 
constructional metals. For this reason the Industrial 
Group, U K AE A, intends to use beryllium fuel cans in 
its advanced gas-cooled reactor, in which fuel element 
surface temperatures as high as 600°C are planned. 


The handling and fabrication of beryllium involve 
specialized techniques to overcome difficulties arising 
from its particular metallurgical characteristics and from 
the toxic properties of the metal in certain compounds 
and forms. hanks to considerable research which has 
been carried out into the safe handling of beryl.ium 
products by the UKAEA, stringent standaris of 
operation have been evolved and codified, and the IC I 
plant will incorporate all the special features which have 
been found necessary for this purpose. 


Some unusual features are involved in the manu- 
facture of wrought forms of beryllium. The metal, 
which is received as fake or as small beads, is melted 
under vacuum in induction furnaces to produce an ingot. 
This is really a refining process: the cast ingot, having a 
large grain size and very poor workability, cannot be 
rolled or extruded directly in the same way as conven- 
tional metals are. It has to be made into fine powder 
which is then heated and compacted (‘ sintered”) under 
vacuum to produce the various shaves required for 
further processing by conventional plant. 


Nuclear engineering 

ICI has been entrusted with this task following its 
already considerable contributions to the development of 
nucicar metallurgy. In the very early days it solved 
problems connected with the extrusion of uranium and 
undertook the production of porous barriers for diffusion 
membranes in uranium isotope separation piant. 

Much of the early work in devising suitable forms of 
sheathing (or ‘ canning’) for nuclear fuels was done by 
the Metals Division in conjunction with the Authority. 
1 CI aluminium cans are in use in many of the experi- 
mental reactors at Harwell and elsewhere, and the Divi- 
sion has manufactured and supplied prototype cans in 
magnesium and zirconium aloys to all the consortia in 
this country and to ofhcial bodies abroad. 


The Metals Division has for many years undertaken 
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—— research and development on the ‘ new’ metals. 
itanium and zirconium have already left this class and 
are in commercial production. Work is still proceeding 
on other metals, including vanadium, tantalum, niobium 
and beryllium, the last of which is now planned to be in 
production at the end of next year. 


Other possible uses for beryllium 


The potential uses of beryllium are not confined 
entirely to the field of nuclear engineering, and there is 
considerable long-term interest in the metal among air- 
craft and missile designers. Its very low density and 
high tensile strength make it a promising material for 
aircraft skinning. It is, in fact, reported that beryllium 
is being used in this way in North American Aviation’s 
latest research aircraft X-15, designed to fly at speeds up 
to Mach 7. From the viewpoint of the engineering 
designer, the metal’s most attractive property is its high 
strength weight ratio; it has a density little more than 
half that of aluminium and a stiffness four times as great. 


The forging of steel 


The Wolverhampton and Staffordshire College of Tech- 
nology, Department of Applied Science, is holding the 
fourth annual iron and stee! reviews on the subject of 
* the forging of steel.’ 

Details of the proposed course are as follows : 

February 10. Review of forging process: systematic 
outline of present and future trends, G. H. Jackson 
(NADFS). 

February 17. The production and examination of 
forging ingots, W. Ash (Stcel Peech & Tozer Ltd.). 

February 24. Rapid heating of forging stock, E. May, 
College ot Technoicgy, Birmingham. . 

March 3. Technique of heavy forging, F. C. Bird 
(Walter Somers Ltd.). 

March 10. Drop-forging technique, A. Hughes, (T. 
B. Weliings & Co. Ltd.). 

April 7. Press-forging and upsetting, R. E. Winch 
(Garringtons Ltd.). 

April 14. Developments in die sinking, W. E. Golcher 
(John Golcher Ltd.). 

April 21. Die steels, E. Johnson (William Jessop & 
Sons Ltd.). 

April 28. Control of quality, H. Southam (A. J. 
Vaughan & Co. Ltd.). 


Electrical industrial data sheets 


As part of its campaign to encourage the extended use 
of electricity by industry, the Electrical Development 
Association is running a series of page advertisements 
headed ‘ Electrical aids in industry.’ These take the 
form of illustrated data sheets, each outlining a particular 
application of electricity, and stressing the advantages 
resulting from its use. The sheets are marked for per- 
foration by a punch so that they can be removed and kept 
together in a folder. Those issued or in course of 
reparation up to the present are entitled: Electro-heat, 
nduction heating 1 and 2, Resistance heating 1 and 2, 
Light-sensitive cells, and Industrial lighting. Others 
will follow from time to time covering such subjects as 
electronics and automation. 

Copies of the data sheets can be obtained after publi- 
cation as advertisements on application to the Electrical 
Development Association at 2 Savoy Hill, London, W.C.2. 


Metropolitan-Vickers London offices 


The offices formerly located at 1-3 St. Paul’s Churchyard, 
London, E.C.4, have removed to 33 Grosvenor Place, 
London, S.W.1 (BELgravia 7011). 
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Mr. F. Cousans 


THE FOLLOWING APPOINTMENTS to the board of Had- 
fields Ltd., East Hecla Works, Sheffield, have been 
announced: Mr. Fred Cousans, F.1.M., was educated at 
the City School, Lincoln. On leaving at 18 years of age 
he joined Babcock & Wilcox and served as technical 
apprentice for a period of four years before commencing 
with Firth Brown at Scunthorpe as technical assistant. 
Promoted works manager prior to leaving and started 
with Catton & Co. Lrd. in a similar capacity during 1944. 
In 1947 he joined Hadfields Ltd. as foundry superin- 
tendent and was appointed local director in the same year. 

During latter years Mr. Cousans has presented papers 
to various technical institutes, including the I.B.F. and 
A.F.A. He is an active member of the B.S.C.R.A. 
Research Committee and chairman of the Foundry 
Production Committee, Sheffield branch. Mr. Cousans 
is also president of the I.B.F. Sheffield branch. 

Mr. George Wocd, A.MET., A.1.M., joined Hadfields 
Ltd. in 1935 as metallurgist, Research Department, and 
was promoted assistant research manager in 1945. He 
was engaged on special armament work during war years 
and was closely associated with special Government 
activities. 

Durir g 1949 he took up duties on the production side 
of the organization and in 1950 was appointed heat- 
treatment superintendent and local director in 1956. 
Mr. Wood is a native of Sheffield and was educated at 
the Sheffield Central Secondary School. He left at the 
age of 17 years and joined the Research Department cf 
English Steel Corporation. He gained his Associateship 
in Metallurgy at Sheffield University in 1935. 

Mr. R. C. Heys, the present managing director of 
Millspaugh Ltd., a subsidiary company of Hadfields 
Ltd., has also been appointed to the board. 


Sir John Wrightson, Bt., chairman of Head Wright- 
son & Co. Ltd., Thornaby-on-Tees, was elected to the 
council of the Industrial Welfare Society at the last 
annual meeting in London. 

After leaving Eton he worked for Alfred Herbert 
Ltd., Coventry, James Archdale & Co, Ltd. and H. W. 
Ward & Co. Ltd., Birmingham, before spending a year 
with Head Wrightson & Co. South Africa (Pty.) Ltd. He 
joined the company in England on his return trom 
South Africa. 

Sir John is honorary treasurer of the Smeatonian 


Mr. G. Wood Mr. R. C. Heys 


Society of Civil Engineers and has been connected with 
the society for more than 20 years. He is also a member 
of the Tees Conservancy Commission. 


On his recent return to this country the building 
engineer of the Copper Development Association, Dr. E. 
Carr, PH.D., B.SC., C.G.L.A., had completed an itinerary 
involving large areas of Northern and Southern Rhodesia 
together with several places in the Union of South Africa. 

The primary object of Dr. Carr’s visit was to investi- 
gate the use of copper for building purposes within these 
localities. Whilst obtaining a comprehensive apprecia- 
tion of prevailing African conditions, Dr. Carr was at 
the same time able to advise architects, local authorities, 
builders, plumbers and fabricators on many subjects 
appertaining to the employment of this metal. 

To meet the shortage of skilled labour generally pre- 
vailing throughout Africa a new type of prefabricated 
copper roofing has been developed by the C.D.A. 
Building Department during the last 12 months. This 
aroused considerable interest and was discussed with 
architects, public works department officials, and con- 
tractors. 

Though the services available at the C.D.A. head- 
quarters in London have always extended to all parts 
of the Commonwealth, it has now been decided to form 
an independent C.D.A. in this area in order to further 
the use of copper and its alloys by African industries. 
During the course of his tour Dr. Carr was able to assist 
and advise on the establishment of such an organization. 


Mr. Lewis Chapman, c.B.£., succeeds Sir Andrew 
McCance, F.R.S., as president of the British Iron and 
Steel Federation for 1959. 

Mr. Chapman, chairman of William Jessop & Sons 
Ltd., has been connected with the B.S.A. group of com- 
panies for many years. From 1905 he has had experience 
in both the production and commercial sides of the steel 
business, and was in 1931 appointed managing director 
of both William Jessop & Sons Ltd. and J. J. Saville & 
Co. Ltd. Mr. Chapman held these two positions until 
1955, when he was elected chairman of these two com- 
panies forming the steel interests of the B.S.A. group. 

In 1935 Mr. Chapman was appointed to the council of 
the British Iron and Steel Federation, and since the end 
of the war he has been a member of the executive com- 
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mittee and has also served on a number of other Feder: - 
tion committees, 

Mr, Chapman was the chairman of the Crucible and 
High-Speed Steel Conference from 1945 to 1957. He 
was éls> the chairman of the High-Speed Steel Associa- 
tion and of the Stainless Steel Manufacturers’ Asso- 
ciation for a number of years 

The award of C.B.E. was conferred on Mr. Chapman 
in the New Year Honours in 1955. He holds the fol- 
lowing directorships: Birmingham Small Arms Co. Ltd., 
William Jessop & Sons Ltd. (chairman), Birtley En- 
gineering Ltd. (chairman), J. J. Saville & Co. Ltd. (chair- 
man), and High-Speed Steel Alloys Ltd. (chairman). 


Latest appointment to the board of the English Steel 
Corporation Ltd., Sheffield, that of Mr. W. E. A. 
Redfearn, took effect in the New Year. The new 
director has been associated with English Steel and its 
predecessors since 1915. 

During the last war he was a member of Lord Beaver- 
brook’s aircraft steel drop-forging committee and the 
Drop Forgings Advisory Committee of the Ministry of 
Supply. From 1944 to 1949 Mr. Redfearn was chairman 


Mr, W.. E. A. Redfearn 





of the Heavy Steel Castings Association, and in 1951 was 
elected chairman of the Alloy Steels Association. A past 
president of the National Association of Drop Forgers 
and Stampers, he is also chairman of the Forging Ingot 
Makers’ Association. He also serves the industry as a 
member of the council of the British Iron and Steel 
Federation 

Mr. Redfearn joined the forge department of Vickers 
Lid. in Sheffield in 1915, and transferred to the sales 
department five years later. For a number of years 
before his appointment as special director he was acting 
sales manager. He is assistant managing director of the 
English Steel Forge & Engineering Corporation Ltd 
(and will become deputy managing director on January 1), 
and a director of the English Steel Rolling Mills Cor- 
poration Ltd 


Mr. Richard F. Summers has been appointed 
president-elect of the British Iron and Steel Federation 
for 1959 

Mr. Summers, chairman of John Summers & Sons 
Ltd., is a grandson «f the founder of the firm. He 
entered the family business in 1925 and was appointed 
a director in 1931 In 1936 he became managing 
director. Mr. Summers visited the United States in 
1937 to study the continuous method of hot and cold 
rolling of sheets, and on his return recommended that 
the company should change to continuous rolling in 
place of the old handmills. His recommendation was 
unanimously accepted. In 1939 Mr. R. F. S:unmers 
became chairman of the company in place of his father, 
who was appointed president 

When the British Iron and Steel Federation was 
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formed in 1934-35, Mr Summers was appointed to both 
the council and the executive committee, and he has 
served on a number of other Federation committees, 
He is at present chairman of the Public Relations Com- 
mittee, and a member of the Price Policy, Steel Produc- 
tion and Supplies, Development and Accident Prevention 
Committees. Mr. Summers has been chairman of the 
Sheet Makers’ Conference since 1945, and in the same 
year was elected a member of the Iron and Steel Institute 

From 1943 until the nationalization of the railways 
Mr. Summers was a director of the London, Midland and 
Scottish Railway, and he is now a member of the Mid 
land Area Board of the British Transport Commission 
Mr. Summers is also on the boards of the following 
concerns: District Bank Ltd., Liverpool and London and 
Globe Insurance Co. Ltd., Roya! Insurance Co, Ltd., the 
United Steel Companies Ltd., and the Steetley Co, Ltd 


Mr. William Barr, 0.8.1 norary treasurer since 
1953, has been nominated by the council for election as 
president of the Iron and Stee! Institute for the 1959-60 
session, He will take office at the annual general 
meeting on May 6 


William Barr was born at Larkhall, Lanarkshire, and 
educated at Hamilton Academy and the Royal Technical 
College, Glasgow. He joined David Colville & Sons 
Lid. in 1922 as a metallurg) coming assistant works 
metallurgist at Dalzell Works in the following year. He 
became chief metallurgist of Colvilles Ltd. on the forma 
tion of the company in 19% He was appointed a 
director of the Fullwood Foundry Co. Lid. in 1945, and 
executive director of Collvilles Lid. two years later; he 


became a full director of th mpany in 1954, 

Mr. Barr is the author of many technical papers, and 
has served on numerous official and industrial com 
mittees. Of special note was his connection with the 
International Institute of Welding; he served as British 
delegate on Commission XII (Brittle Fracture) from 1948 
until it was merged with Commission IX (Weldability 
in 1954, and served on the new joint Commission IX 
Behaviour of Metals subjected to Welding) until this 
year. His research activities have been devoted to 
investigations on creep, brittle fracture of mild steel, 
and the development of low-alloy high-tensile structural 
steels and stainless-clad steels. He is a Founder Fellow 
and past president of the Institution of Metallurgists, 
and a past president of the West Scotland Iron and Steel 
Institute. He joined the Iron and Steel Institute in 
1925, becoming a member of council in 1948 and honorary 
treasurer in 1953. 


Mr. R. H. Mard:li 





Mr. R. H. Mardell has been avvointed London arca 
sales manager for General Refractories Ltd. in succes iion 
to Mr. T. S. Aikman who has recently retired. Mr 
Mardell has been assisting Mr. Aikman for several years 
as London area sales representative 
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BOOKS 


The metallurgy of vanadium 
By W. Rostoker. John Wiley & Sons Inc. £3 8s. net 
HIS BOOK is very similar to a number of books which 
have been appearing regularly in the last few years, 
namely, books describing the extraction, properties and 
illoys of one of the so-called ‘ newer’ metals. It takes 
its place as a satisfactory member and should be obtained 
is a reference book by all metallurgical libraries which 
are likely to be interested in vanadium. It will also be 
very useful to any metallurgist starting work on vanadium, 
since it will save him a great deal of chasing references 
to previous work. It follows the pattern of most of its 
predecessors and starts with a chapter on extraction, and 
follows this with chapters on physical properties of alloys, 
mechanical properties of the metal and its alloys, tech 
nology, t.e. methods of casting, rolling, etc., oxidation, 
corrosion, metallography and vanadium as an alloy 
addition. 

British metallurgists will be delighted to find that al! 
temperatures are in degrees centigrade 

The book very competently does what it sets out to 
do, but it is not interesting to read. This may be duc 
to the fact that to date vanadium, alloyed or unalloyed 
has no industrial use except as a minor alloying addition 


J. H. RENDALI 


Effects of radiation on materials 

Edited by J. J. Harwood, Henry H. Hausner, J. G 
Morse and W. G. Rauch. Chapman & Hall Ltd 
£4 4s. net, 

PHE FOREWORD of this book explains its purpose. * Until 
relatively recently, much of the information concerning 
the effects of radiation upon materials was not readily 
available to the scientific and engineering community 
The 1955 Geneva Conference on the Peaceful Uses of 
Atomic Energy provided the impetus for the release of 
a large body of information by the U.S. Atomic Energy 
Commission and foreign sources As civilian usage of 
nuclear power expands, so will the necessity increase for 
engineers and scientists to become familiar with this 
fascinating subject. A start in this direction was made 
at a colloquium on “ The Effects of Radiation on Materials 

. at Johns Hopkins University in Baltimore in March, 
1957. Its purpose was to present a series of unclassified 
reviews that were educational in nature and gave a broad 
coverage to this field. These papers deal with 
metals, alloys, inorganic dielectrics, semi-conductors, 
organic and polymeric materials and materials for nuclear 
reactor components including fuel elements, moderators, 
coolants and shielding materials. Theories and concepts 
of radiation effects, radiation sources and measurements 
of radiation and the known effects of radiation on the 
physical, metallurgical, mechanical, corrosion and elec- 
trical properties are presented. In addition, there is 
discussion of the current thinking on the behaviour of 
organic materials, including the effects of radiation upon 
polymeric reaction processes, e.g. graft copolymeriza- 
tion.”” ’ 

It will be seen that this is a very broad field to cover 
in educational lectures and in a book of 350 pages based 
on them. The result is a very concentrated course and 
the book is anything but light reading. The first sen- 
tence refers to 33 items, mostly Geneva Conference 
papers but including two books 

Nevertheless, the authors of the various chapters and 
the editors have succeeded in what they set out to do, 
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and the book is a very useful introduction for those who 
feel they ought to be familiar with the effects of radiation 
damage, :.¢. all metallurgists and most other engincers 
and scientists 

Each chapter concludes with a list of 50 to 120 further 
references and the book ends with a bibliography of 779 

Owing to the conciseness of the book serious readers 
will find themselves obliged to consult a great many 
of these 

Phe book is well produced except that a few diagrams 
have been so reduced in reproduction that they are 
dithcult to understand The extensive use of jargon and 
initials, ¢.g. scram and LMFR, in certain chapters, is 
probably unavoidable 

J}. H. ReNDALI 


Trouble-free hydraulics 


By lan McNeil Thames & Hudson Lid 
1958 18s. net 


London, 


[HE SUBJECT-MATTER in this book makes interesting 
reading and constitutes a most useful manual for the 
servicing and maintenance of hydraulic machinery. To 
students and engineers concerned more with the theory 
and application of hydraulics it forms a useful guide to 
the practical aspects of hydraulics 

In this age and in the years ahead when hydraulics 
will be required to contribute more and more to auto 
mation, the need for such a book is obvious. To have 
at hand in a concise and comprehensive form the * do’s 
and don'ts,” checking methods, and servicing of hydraulic 
machinery to which reference can be made, will be one 
of the most useful aids to maintenance personnel can have 

The book contains information set out in a most con 
venient form with fault-finding charts, maintenance and 
servicing schedules, and can be likened to motor-car 
manuals where information and servicing requirements 
are tabulated for quick and easy reference. An casily- 
read index enhances the use of the book 

There can be little doubt that this handbook will go 
a long way to filling the need for a practical manual and 
guide to assist in getting to terms with oil hydraulic 
equipment to obtain reliability and confidence in 
operation 

D. C. BARNES 


Welding aluminium 


Since Northern Aluminium Co. Ltd. first issued the 
book ‘ Welding aluminium’ some three and a half years 
ago, when the methods available for welding light alloys 
were not very widely known nor the characteristics of 
aluminium-welded joints fully appreciated, great advances 
have been made both in technique and the amount and 
scope of work done. 

An extensively revised edition of the book has for 
some time been considered necessary and has now been 
produced. As before, it deals almost exclusively with 
the two shrouded arc processes—‘argon tungsten arc’ 
and ‘ inert metal arc ’—and much of the space is taken 
up with tables of procedures. However, the information 
on processes has been brought up to date, a section has 
been added on welding technique, and the tables of 
procedures have been entirely revised, with full explana- 
tory notes and illustrations giving edge preparation and 
joint details. In addition, an appendix has been added 
giving information on alloys and current ratings. 
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NEW PLANT 


High-temperature vacuum furnace 

A new cold-wall resistance-heated vacuum furnace 
capable of operating at temperatures up to 2,200°C. has 
been recently developed by F. J. Stokes Corporation, 
5500 Tabor Road, Philadelphia 20, Pa. The unit is 


suitable for sintering powder metal parts compacted of 


materials with a very high melting point, such as tantalum, 
or for degassing components such as tungsten elements 
for electronic tubes, which require equally high tem- 
peratures, as well as for other heat-treating operations, 
either in experimental work or small-scale production. 
The furnace is a compact unit, of approximately desk- 
top height, 5 ft. 4 in. long and 44 ft. wide. Within the 
vacuum retort, which is 20 in. dia. and 20 in. deep, is 
a hot zone 34 in. dia., and 6} in. deep, produced by a 





1 Resistance-heated vacuum furnace 


resistance-heated radiant cylinder. This hot zone is 
surrounded by a water-jacket. Hot zones of varying 
sizes can be interchanged within the retort, to handle 
workpieces of different dimensions and types. 


Gas sarnpling 


Accurate knowledge of the quantities of industrial fumes 
and dusts discharged into the air is fast becoming a 
‘must’ for management. Legislation governing some 
emissions is already in force and it is likely that official 
control will be steadily extended. 

The problem is one which affects practically every 
industry and the iron and steel industry in particular. 
In consequence, the British Iron and Steel Research 
Association has developed a system of gas sampling and 
measuring which in a series of works trials has proved 
very successful. 

Longworth Scientific Instrument Co. Ltd., ‘Thames 
Sercet, Abingdon, Berks., has now developed a production 
version based on B 1S R A principles, ‘ L 1s A’ (Longworth 
isokinetic sampling apparatus). 

Primarily the system is a guide to grit, dust, and fume- 
emission dangers from the nuisance-value angle. Secondly 
it has considerable value as an aid to process control. 
By measuring the flow rates and temperatures of gases, 
it can indicate the presence of air leaks and consequent 
waste of heat and fuel. In steelmaking, quick and 
repeated measurements of dust and fume concentrations 
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can yield valuable information on production technique. 
In sinter-making, knowledge of an increase in the grit 
content can give warning that the system is not working 
well and can save damage to the fans. 

The main advantage lies in the speed with which 
samples can be taken. Careful design of the filter assembly 
ensures very rapid filter-changing—taking no more than 
about 10 sec. 

The units comprising the complete apparatus are 
housed separately, with flexible connections; access to 
ducts and chimneys is often difficult and the ability to 
distribute the train of apparatus on ledges and steps 
increases considerably its range of application. 


Pre-heating and stress-relieving of welds 
The application of electrical resistance heating in the 
heat-treatment ficld, pioneered by Electrothermal 
Engineering Ltd., 270 Neville Road, London, E.7, in 
the form of armoured heaters, is being used by engineers 
for pre-heating and stress-relieving of welds and heat 
treatment generally 

Muffle furnaces, gas jets and induction coils are 
replaced with lengths of armoured heaters consisting of 
nickel-chrome resistance wires specially insulated to 
withstand working temperatures of up to 800°C. and 
covered overal! with a flexible nickel alloy sheath, having 
an o.d. of & in 

The heaters, which can be applied to curved or flat 
surfaces, are placed about the area to be heated, con- 
nected to an electrical supply and then covered with 
sections of high-temperature-resistant lagging. Armoured 
heaters operate at voltages of 50, 75 or 100, and a welding 
transformer, generator or a mains transformer can be 
used. The temperature is measured by a thermocouple 
or couples connected to a simple indicator, the readings 
from which enable the operator to control the temperature 
by on/off switching or voltage regulation. Other forms 
of temperature indicators, recorders and control gear can 
be supplied. A large amount of heat can be dissipated in 
the required area, for example an 18-ft. length at 75 volts 
is rated at 3 kW. All heaters are re-usable and are avail- 
able in standard lengths according to the rating required. 


2 Armoured 
heaters for 
pre-heating 
and stress- 


relieving 
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CUT HERE 


Electrical Aids in Industry 


Induction Heating - 2 





The broad principles involved in the use of 
induction heating for melting and processing 
metals have already been dealt with in this 
series (Data Sheet No. 2). In order to make 
a critical examination of its possibilities, 
however, the potential user should be aware 
of certain technical factors which must 
influence his decisions. 

Induction heating, of course, demands 
the use of alternating current which is 
available from the public supply at a 
frequency of 50 cycles per second. Higher 
frequencies, however, are desirable for 
certain applications and can be obtained by 
means of the appropriate conversion equip- 
ment. Frequencies can therefore be con- 


Data Sheer NO. 3 


particularly when a very thin case is re- 
quired or when the section of the workpiece 
is too small to heat satisfactorily at medium 
frequency These high frequencies are 
produced either by an electronic h.f 
generator or a mercury-gap h.f. generator 
The choice of frequency depends upon 
the metallurgical requirements and the size 
of the component to be treated. The 
following table gives the practical relation- 
ship between size and frequency, and may 
be used as a guide to the choice of generator, 
subject to metallurgical considerations. 
Optimum Values 
3,000 10,000, 500,000 2,000,000 


FREQUENCY 
CPS 

MIN. DEPTH } 
OF HAKDNESS 060" 040 020° ar 
POSSIBLE 


Practical Values 
MIN. DEPTH 


sidered in three categories : HARD NESS 130 100-  .030- o1s- 
Rician Uuienbidion aac 200" 150" 050" | 030" 
a Re A 
(direct from mains)— §0 c.p.s. MIN. DIA . : | 
Medium Frequency en - aA a. ! ;° i to 2” | tof" 
(machine generator) —$0—10,000 c.p.s ao tn 
High Frequency — 7 — 
” - MIN. DIA 
TO 
— mic eee up to about sommnarn valzal ra | not 
000,000 C.p.5. HARDENING over over over | suitable 
Mains Frequency DEEP CAS# a 
This needs no conversion equipment; it is moo . oe RL ige not 
particularly suitable for melting large pieces MARneDEN over | 2° suitable 
of scrap, and owing to the vigorous stirring These are of course very approximate since they 
forces produced, is excellent for alloy also depend on metallurgical considerations. 


making. It has the merit of low initia! cost 
compared with the high frequency method 
of melting, but is not so suitable for the 
production of high-grade steel 

A typical example of the use of mains fre- 
quency is the coreless induction melting 
furnace which can be connected direct to 
the public 3-phase supply. Such a furnace 
rated at 120 kW, with a holding capacity of 
2,240 Ib., will give a throughput of 5,000 Ib 
per hour of hot cupola metal superheated 
from 1,350°C to 1,450°C, 


Medium Frequency 

Motor generators ranging from 1okW to 
1,500 kW or more at frequencies up to about 
10,000 c.p.s. are widely used for heating for 
forging, melting from 100 Ib. to 10 tons, 
hardening, annealing, etc. A bank of 
capacitors maintains a high power factor 


during the heating cycle. 


Another form of generator for frequencies 
of 1 to 2 kc.p.s. and powers around 250 kW, 
useful for forge heating and melting high 
temperature aircraft alloys, is a 6-anode steel 
tank mercury arc inverter. 


High Frequency 

Metal hardening and metallurgical process- 
ing are best handled by high frequency 
induction (up to about 2,000,000 C.p.s.), 








Power required for 
H.F. induction Hardening 
The high frequency power required per sq. 
in. of hardened surface depends upon the 
amount of metal behind the surface. Higher 
powers and shorter heating cycles are 
necessary for thin cases and when *he thick- 
ness of meta! behind the surface is small. 
Cocco com 
0.03" to 0.04" requires 1 sec. a Pt 
or less at 10 KW or more AS RO, a 
@mocoeceo per sq. in. = 
—=mooco°o 


t*3 o.1° to 0.2" with a large 

* mass of metal behind the 

<0" 5" "S. surface, requires 10-60 secs. 

at 2 kW per sq. in. 
@mmeooooe 





coococe 


Through hardening 
requires 10-12 kWh per Ib. 


[ For further information, get in touch | 
with your Electricity Board or write | 
direct to the Electrical Development 
Association. Excellent reference books | 
(8/6, or 9/- pest free) are available on 
electricity and productivity -“ Induction 
& Dielectric Heating ” is an example. 
E.D.A. also have available on free loan | 
a series of films on the industrial use of 
electricity. Ask for a catalogue. 
Issued by the 
Electrical Development Association, 
2 Savoy Hill, London, W © 65) sian] 
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FIFTEEN WORDS for 7/60 
Box number 2/60 
2d. per word 
Replies addressed to Box Numbers are to be sent, clearly 


marked, to Metal Treatment and Drop Forging, John Adam 
Heuse, John Adam Street, London, W.C.2. 


(minimum cherge) and 4d. per word thereaiter 
including postage of replies Situations Wanted 


SITUATIONS VACANT 

BIRLEC HEATING DIVISION SALES DEPARTMENT WANT 
FURNACE DESIGN ENGINEER. Duties include discussion 
with customer and liaison with Engineering Department 
designers and estimators, and preparation of project and 
tender specifications. H.N.C. or Engineering Degree 
standard. Apply to Personnel Manager (JMP), Birlec 
Ltd., Tyburn Road, Birmingham 24. 


DEMONSTRATORS, SALESMEN wanted, to act as Technical 
Representatives. Preferably with connections in the 
industry.—Colloidal Graphite Ltd., 336 Watford Way, 
London, N.W.4. 


MACHINERY FOR SALE 


SCHULER 800-TON KNUCKLE JOINT PRESS. Stroke, 5} in. 
Strokes per min., 26. Area of bed, 3 ft. 1} in. x 1 ft. 73 in. 
Motorized complete.—Box KJ 113, METAL TREATMENT 
AND DROP FORGING. 





Capacity available 
for normalizing—Bars up to 


14 ft., Castings and stampings 


NORMALIZING 


Modern electric Furnaces 





Please ask us to quote 


George Senior & Sons Ltd 
PONDS FORGE - SHEFFIELD, ! 


Telephone: 25174 











MACHINERY WANTED 


WANTED—One gas-fired 18 24 in. S2 Type Salt Bath 
Preferably with pre-heater and control equipment.— 
J. M. Hargreave & Co. Ltd., Central Avenue, West 
Molesey. Tel.: Molesey 3180 


AGENCY 


HOT BRASS PRESSINGS. London agent is terminating 
agreement and offers a live and substantial connection 
to progressive firm with capacity available-—Box HB 112, 
METAL TREATMENT AND DROP FORGING. 


CAPACITY AVAILABLE 





Heat-treatment by H.F. Induction 

We can undertake to harden your parts in large 

or small! quantities by th: most modern methods. 

Sendvour samples for trial or visit us to see our 
wide range of hard2ning equipment. 


EFCO Heat-treatment Division 
Welling Street Extension, Burton-on-Trent 
Telephone 4861 





new and up-to-date edition 





THE HEAT-TREATMENT 
OF STEEL 





By EDWIN GREGORY, 

Ph.D., M.Sc. (Lond.), etc., and 

ERIC N.SIMONS. New 2nd Edition 

This book not only ¢ rplains what has to be done 
but why. Jt covers every phase of the subject 
from the print iples to the practice, and 

there are chapters on pyrometry, furnaces 
atmosphe re control, quenching media, etc. In 
addition eve ry class of steel ia discussed 

and treatments for them described. This neu 
edition has been brought up to date with recent 
Fully illustrated 

From booksellers, 35 net 


developments 





PITMAN Parker Street 


Kingsway, London, W4 
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‘ 7 cz IVAt ris J 

CAIN, el 

HEAT RESISTING ALLOY 
STEEL CASTENGS 





THE CALORIZING CORPORATION | OF GREAT BRITAIN y UTD 


LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C./. Telephone: EUSton 4321 














THOMAS ANDREWS | HEAT 
AND COMPANY LIMITED TREATMENT 


eee Steel Makers 





Specialised services offered for the treat- 


" " g HIGH SPEED STEELS ee. 
“MONARCH § HOT & COLD DIE STEELS ment of raw and semi-finished ferrous 
{ TOOL HOLDER BITS oii 


“HARDENITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 


“ “HELVE® ( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


MANGANESE STEEL CASTINGS 
PLAIN and ALLOY STEEL FORGINGS 
$.G. IRON CASTINGS 

BLACKHEART MALL. CASTINGS 
STEEL BARS - BILLETS - SHEETS 








ROYOS WORKS AND 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 


Export Department 


THE HARDENITE STEEL COMPANY LIMITED ANNEALERS LIMITED 


Telephone Telegrams: 
Sheffield 2213) Shafting, Sheffield. 4 PENISTONE ROAD - SHEFFIELD 6 
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TREATMENT 





Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 


metallurgical control over all opera- 


x Gas or pack carburising with full 
tions 


Gleason quenching press equipment 
x for pieces up to 36” dia. plus wide ex- 
perience in the control of distortion 


Flame-hardening of gears up to 10 ft. 
x dia. with latest electronically con- 
trolled equipment 


E. N. V. ENGINEERING COMPANY LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
Telephone LADbroke 3622-3-4-5-6 





AP? 
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DIE SINKING 
CAPACITY 


Offered by Firm engaged solely on Die Sinking 
and Tool making for the Drop Forging and 
Allied Industries including Horizontal Forging 


DIES NORMALLY SUNK IN THE HARDENED 
AND TEMPERED CONDITION ON CUSTOMERS’ 
MATERIAL IF REQUIRED 


Any size blocks up to approx. 12 cwts. each 
DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer 
quick deliveries combined with any limit of accuracy 


SAWBRIDGE & CO. 


27 TEMPLE BAR - WILLENHALL - STAFFS 
Telephone: Willenhall 258 








To the PUBLISHER 


Telegrams 


ZACATECAS, RAND, LONDON 


METAL TREATMENT 
and DROP FORGING 


JOHN ADAM HOUSE 
1719 JOHN ADAM STREET Telephone 
ADELPHI, LONDON, W.C.2 


TRAFALGAR 6171 





subscription. 


Vame 
4ddress 


Date 





Cheques and Post Office Orders to be made payable to: 


Please send me Metal Treatment to the address given below until countermanded, 


and invoice me in the sum of £1.10.0(U.S. & Canada: $4.80) in respect of the first year’s 


INDUSTRIAL NEWSPAPERS, LTD. 























metal treatment 
january, 1959 33 and Drop Forging 


Plaza Works, High St., Merton, S.W.19. 


Specialized Heat Treatment in our 
NEW Capacity Furnace with non-oxidizing 
atmosphere. 


SPECIALLY DESIGNED for the heat treatment 


of high temperature alloy materials up to 1,300°C, 


Enquiries will be dealt with personally by 
our Technical Staff: RING CHERRYWOOD 2291/2 


A.1.D D.1.ARM. & 1.E.M.E. APPROVED 







ROLLER 
HEARTH 
FURNACE 











The illustrations show 
a Roller Hearth Furnace 
having internal dimensions 
of 4’ 0° wide « 99’ 0" long, 
installed in the Tube Mill 
of Babcock & Wilcox Ltd., 
at Dumbarton. 
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Now Available 
from Stock ! 


All prepublication orders for the 


1958/9 EDITION of 


RYLAND’S DIREGTORY 


of the COAL, IRON, STEEL, METAL, 
ENGINEERING & HARDWARE TRADES 


have now been fulfilled and copies 


can be supplied from stock by return of post 


Price 34/= 


(Post free in the U.K.) 


If your order is not already in our hands, 


may we suggest you place it at once with 


THE PUBLISHERS, RYLAND'S DIRECTORY 
17/19 JOHN ADAM STREET, LONDON, W.C.2 

















34 january, 1959 
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HEAT TREATMENT 
and 


MECHANICAL TESTING 


. 
SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW, F.I.M. 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE - COLD BEND TESTS - IZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 


Approved : A.D. B45587/39 LA. 1A/42241 ARB. Al/2368/46 


BACON LANE WORKS <- SHEFFIELD, 9 


Telephone 41061-2 Telegrams : Special, Sheffield 
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out. METALLURGICAL FURNACES 


GIBBONS BROTHERS LIMITED. P.O. BOX 19 - DIBDALE - DUDLEY - WORCESTERSHIRE 
TELEPHONE :- DUDLEY 314! (P.8.X.) TELEGRAMS :- “GIBBONS, DUDLEY” 
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CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON. BRASS. GUN METAL 
PHOSPHOR BP ONZE, ALUMIN'UM ere. 


H. JOHNSON FOSTER 





STAINLESS STEEL 
HEAT RESISTING 
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HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
tine X-ray control 


He Sohason Keo Al 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aiziewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheffield 
London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2 

(Central 8342 5) 
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ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 


LINES. STUDS & SIGNS 





LTD. STEELMAKERS & FOUNDERS 





Abbey Heat Treatments Ltd 
Acheson Colloids itd 
Alidays & Onions Led 
Andrews, Thos., & Co. Led 
Annealers Ltd 


Birlec Ltd 

Borax Consclidated Lid 

Brayshaw Furnaces & Tools Ltd 

Bristol's Instrument Co. Led 

British Electrical Development Asso- 
ciation 

British Furnaces Led 

Broadbent, Thos., & Sons Led 

Burbidge, H., & Son Led 

Burdon Furnaces Ltd 


Calerizing Corporation of Great 
Britain Led. (The) 

Cambridge Instrument Co. Led 

Coventry Machine Tool Works Led 

Cronite Foundry Co. Led. (The) 


Delapena & Son Ltd 

Dohm Ltd. 

Doncaster, Daniel, & Sons Ltd 
Dowson & Mason Ltd 

Dunford & Elliott (Sheffield) Ltd 


Efco-Edwards 
Led 

Electric Resistance Furnace Co. Ltd 

Electro Heat Treatments Ltd 

Engineering and Marine Exhibition 

English Electric Co. Ltd 

English Stee! Corporation Ltd 

E.N.V. Engineering Co. Led 

Ecchells, O., & Son Led 

Ether Ltd 

Eumuco (England) Led 


Vacuum Metallurgy 





33 
18 
31 
31 
26 
28 


29 
10 


14 
i8 
32 


13 
17 


Fel Electric Led 14 
Firth-Derihon Stampings Led 

Fiame Hardeners Ltd 

Fuel Furnaces Led 


Gandy Ltd 

Gas Council 

General Electric Co. Ltd 21 
General Refractories Lcd 

Gibbons Brothers Ltd 35 
Gibbons (Dudley) Lcd 22 


Granby, Paul, & Co 
G.W.B. Furnaces Led 


Hadfields Led 

Head Wrightson Machine Co. Ltd 
Hedin Ltd 

Herbert, A., Led 


LC... Led 

incandescent Heat Co. Ltd. (The) 

integra, Leeds & Northup Led 

international Furnace Equipment Co 
ied 


Johnson Foster, H., Led 36 


Kelvin & Hughes (industrial) Led 
Kiveton Park Steel & Wire Works 
Ltd 


Lafarge Aluminous Cement Co. Ltd 9 


Manchester Furnaces Ltd 20 
Mssey, B. & S., Ltd ' 
Me lowes & Co. Ltd 


INDEX TO ADVERTISERS 


Metalectric Furnaces Ltd 
Modern Furnaces & Stoves Lcd 
Morgan Refractories Ltd 
Morris, B. O., Led 


Newall, A. P., & Co. ied 
Nitralloy Led 
Nu-Way Heating Plants Ltd 


Peart, E., & Co. (Electronics) Led 
Pitman, Sir |., & Co. Led 
Priest Furnaces Ltd 


Roberts Bros 


Sawbridge & Co 

Senior, Geo., & Sons Led 

Shell-Mex & B.P. Led 
Siemens-Schuckert (G.B.) Led 

Sifam Electrical instrument Co. Led 
Smethwick Drop Forgings Led 
Somers, Walter, Lud 

Spear & jackson Co. Led 

Special Stee! Co. Led 

Stein, john G., & Co. ied 


Thermic Equipment & Engineering 
Co. Ltd 
Thompson joseph, (Sheffield) Led 


Vacuum Industrial Applications Led 
Vaughan, Edgar, & Co. Ltd 


Wickman Led 
Wiggin & Co. Ltd 


Wilkins & Mitchell Led 


vs 
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Wil i-Barfield Electric Furnaces Led. 34 16 
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HIGH TEMPERATURE »* 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


HEAT RESISTING CASTINGS 
OF ALL TYPES : CASE 
HARDENING VESSELS 
ROTARY RETORTS AND 
MUFFLES : PYROMETER 
PROTECTION SHEATHS 


THE CRONITE FOUNDRY CO. LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, N.15 





This Mustration is of a Producer Gas Fired Recirculating 
Type Continuous Block Reheating Furnace for aluminium and 
alloy slabs prior to rolling. Designed to give an output up to 
8 tons per hour according to slab size. Auxiliary items include 
clectro-hydraulic pusher and special discharging machine. In- 
stalled ot the Falkirk Works of the British Aluminium Co. Ltd. 


PRIEST FURNACES LTD : LONGLANDS - MIDDLE 
tiso at TELEGRAPH BUILDINGS ~ HIGH STREET + 
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